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NASA/ESA CV-990
SPACELAB SIMULATION

APPENDIX A
THE EXPERIMENT OPERATOR

INTRODUCTION

Beginning in the 1980 time period, an advanced space transportation system will be used to
conduct experiments in the space environinent. This system will consist of a laboratory (Spacelab)
carried into orbit by the reusable Space Shuttle. The pressurized Spaceelab module provides a shirt-
sleeve environment in which up to four payload specialists can operate experiments using the basic
resources provided by the laboratory. Spacelab is being developed and canstructed in Europe under
the direction of the Luropean Space Agency (1SA). The Space Shuttle Orb'ter is being built by the
United States under management of the National Aerchattics and Space Administration (NASA).

The Joint Mission

Similarities between the methaod of experiment accommaodation and operations planned for
Spacelab and the methods used in conducting experimentation aboard aireratt by the NASA-Ames
Airborne Science Office (ASQ) led to NASA-ESA Joint Mission, the sixth mission in the ASSISS
(Airborne Science/Spacelab Experintent System Simelation) program. Six experjments were select-
ed for the mission: three from BEurope and three ftom he United States. The simulation mission
took plave at the NASA-Ames Research Center, Moftett Field, California, USA, between April 30
and June 24, 1975.

Spacelab payload manpower will be limited to a maximum of four, whicl means that payload
specialists often will be acting as proxy operators for principal investigators (PIs). To test the con-
cept of proxy aperation, four experiment operators (EQs) were selected and trained on the six ex-
periments. During the simulation period, the EOs performaed all experiment operations, including
data taking, normal servicing, and minor repairs, For the entire simulation period, the four FQs and
the Mission Manager were conlined to the aireraft and an adjacent sleeping area. £ communica-
tions with the outside world during the simulation period were handled by communications links
{audio and video) simulating those planned for Spacelab. Scientific data were taken on all {lights.

Mission preparations, operations, and results are documented in a final report (rell 1) and five
appendixes. woformation for these documents was gathered from several sources: the records of
team of observers who {lew on al] lMights and observed mission activities in detail, mission opera-
Honal records, mission planning documentation, information prepared by the Pls and EQOs, an ex-
tensive debriefing Following the simulation period, and individual interviews with mission partici-
pants,

Mission Qbjectives and Guidelines

The overall objective ol the Joint ASSIISS Mission was to evaluate a simplified management
and implementation concept for conducting Spacelab-like experiment operations, The following
were subordinate mission objectives:

To experience involvement in international cooperative payload activities

To evaluage experiment design approaches for Spacelab experiments

. To determine the impact of operational requirements and procedures on Spacelab
design ]

w1y -



To evaluate payload and mission operations

To assess teehnigues for smooth integration ot experiments and cquipment

6. To analyze factors alTecting selection and training of payloac specialists, particuiarly
in proxy experiment operation.

'J"_-;;*

The joint ASSESS Mission also served to encourage the development of a cadre of potential Space-
litb experimenters. The micsion did not address physiological or psychological factors,

The mission guidelines were designed to ensure a high degree of realistic simulation given the
capabilities of the ('V-990 aircraft, ASO practices. and the requirements for Spacelab as stated
about one year before the ASSESS mission, The complete guidelines are provided in the Mission
Operating Plan (appendix ) and are summarized below:

Authentic science to be performed

. Six basic experiments to be operated (three Furopean, three U.S.)

Ames ASO practices to be used as starting point for mission planning and execution

Participation of Pls in overall mission to be maximized

Four I0s (two European, two U.8.) to operate experiments in proxy role (i.e., on

behalf of the Pls)

6. Simulation period to cover 5 days with a data flight each 24-lir period ey periments
operated by EQOs), with EOs and the Mission Manager confined to vehicle asd living
quarters

7. Unconstrained flights to be conducted for 2 weeks following the simulation period
(experiments operated by Pls)

8. All supporting equipment, tools, and spare parts to be carried on board

9. Spacelab subsystems to be simulated where possible

10. Use of experiment support equipment to be shared

11, Communication to be limited to one video downlink, two 2-way voice links,

ot o —

Mission Management

Basic guidance for the mission was provided by the seven-member Mission Planning Group
(MP(), which comprised representatives from both NASA and ESA Headquarters organizations ard
from the Marshall, Johnson. and Ames NASA centers. Six planning sessions were hield between May
1974 and May 1975 at which the MPG set the schedule, ratitied the selection of experiments and
[:0s. developed the mission guidelines, and checked the status of the mission at all critical points.

The Mission Manager, from the ASQ, was the single point of contact l'ar all negotiations, deci-
., and assistance in carrying out the mission from inception to completion, With the aid of one
e assistant, he implemented the directives af the MPG: communicated with the Pls relative
*mission resnonsibilities; and handied all detailed planning of experiment integration, [Tight
op .ons, and support activities.

This volume is the first ol the Five appendixes to the linal report. This appendix addresses the
subject of the experiment aperator, his training, and his performance. Detailed operating procedures

for each experiment are included to indicate the scope and complexity of tasks the EOs were ox-
pected to perform,

EXPLERIMENT OPERATOR SELECTION

The four experiment operators (EQOs) for the Joint Mission were recommended by NASA and

2
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FSA and approved by the Mission Planning Group (MPG). The following general criteria governed
F.O) selection:

1. Two US. and two European 1:0s were selected
Selection of Furopean FOs was an ESA responsibility, performed under the direction
of the Furopean member of the MPG

%)

3, Selection of U.S. EOs was ntade dircetly by a designated sabpanel of the MPG

4. FO candidates were capable ol conducting normal researct: programs planned by the
Pls

5. O backgrounds together should cover a broad spectrum of experience to permit an

analysis of the training and background experience required for satislactory FO per-
formance,

The European EQOs had been selected by September 1974, The selection of ULS. Qs was not final-
ized until March 1975, Biographies ol the I:Os selected are given in appendix A-1.

U.S. Operators

In September 1974, two BU.S, scientists were recommended for EO positions by one of the
NASA HQ members of the MPG, One of the tnitially selected ULS. IOy was an experienced exper-
imenter in the field of IR astronomy. He has flown more missions on the ASO Lear Jet than any
ather oxperimenter and now flies on the C-141 AIRO. After considering the degree of involvement,
however, he withdrew from the program in November 1974, After an extensive search. a replace-
ment was selected in February 1975, This scientist. an atmospheric physicist, also had airborne s¢i-
ence experience, having lown on an carlier CV-990 mission,

The second of the EQs initially approved by the MPG, a scientist/astronaut at NASA-JSC,
participated in the first Lear ASSESS mission as an observer and copilot, In this case, JSC with-
lield final approval until March 1975, at which time an alternate selection Irom ISC was approved
by the MPG. The individual ultimately selected was an astronomer who had previously specialized
in ultraviclet studies. As the possibility of his seleetion was known to the MPG and AS(), his atten-
dance at mission planning sessions was invited from ecarly in the preparation period,

lLuropean Qperators

The European EOs were recommended by ESA HQ. One was an experienced IR astronomer and
had flown on the Concorde eclipse mission in 1973, He was also readily available at the time of the mis-
sion as a visiting scientist at ESTEC. For the second 1:0, ESA deliberately sought an individual with no
airborne science experience from among PhD candidates willing to invest time away rom their graduate
programs, The EO selected had experimental experience in atmospheric physics and was personally
acquainted with some of the University of Southampton expertment team members through a cooper-
ative program between that university and the University of Sussex where he was emolled.

EXPERIMENT OPERATOR TRAINING

This section considers the training of 1:Os at the PI home laboratories, during the integration
and checkout period at Ames, and during the integrated mission simulation prior to the simulation
period itsell, IO and PI observations on the effectiveness and deficiencies of the training program are
discussed in the next section,



Training Approach

Previous experience with EOs on an ASSESS mission (ref, 2) indicated that FQ training could
be successtully handled directly between the Pls and the EOs. Accordingly. the same approach was
plinned for the Joint Mission. [t was requested that the Pls set up training plans and schedules jointly
with the FQs. Primarily because ol the incomplete development state ol the experintents and lack of
stlTicient funding, these ideal plans did not work out, although training plans of varying complete-
ness were prepared for three experiments, Visits to experimenters’ home bases were scheduled pri-
marily at the convenience of the EQs, The FQs obtained valuable inlormation from their visits to PI
Liboratories, but demands of experiment preparation and other factors forced the bulk of the train-
ing into the experiment installation period.

It also was planned that the Pls would provide operating instructions (or the TOs duting the
training process. Only one set of procedures, that lor the University of New Mexico, was prepared in
time for EQ initial training. Procedures for operation of the Southampton experiment and the Meu-
don telescope were prepared belore the installation period and were used by the FOs. Queen Mary
College prepared preliminary operating procedures for the training period, but because of continuing
chinges in the experiment contiguration, they were of little use. All others were prepared by the Qs
and Pls jointly during the installation and checkout period. Aviilable training plans and operating
procedures are provided in appendix A-2.

Mission Training Chronology

Each experiment operator was assigned prime responsibility for an experiment, or group of ex-
periments, and secondary (backup) responsibility for additional experiments {Table A-1), Because
the Spacelab life support system is designed to support a maximum of three people cordnuously,
only three EOs were permitted to operate the equipment on any given flight. The primary and secon-
dary experiment responsibilities were chosen to ensure sufticient cross training that any three of the
four EQs could operate the payload on a given flight. This arrangement was designed to provide an
effective one-man backup for a three-man crew.

An ovverview ot EO training throughout the mission is provided in ligure A-l. Note that operator
B the least experienced [O, the graduate student on the ESA team, received by far the most training
time {66 days). The detailed chronology from this EO's notebook indicates the day-br--day activities
ol his training in Europe, Alaska, and at JPL. It is provided in appendix A-3. Operator [, the scien-
tist/astronaut, in contrast, received only one day of training prior to the installation and checkout
period in May,

Operator B visited all European experiments in the September 1974 through January 1975
period. He then visited all U.S, experiments at their home ¢ «tions except the University of Colori-
do. Operator A visited all European experiments at their home locations, but Jid not train on U.S.
experiments until May. Operator C visited all U.S. experiments at their home locations except Colo-
rado before the installation period but did not see the Iuropean experiments until May. QOperator I
visited only his prime experiment before May.

No need for LO training at the Colorado laboratory was originally anticipated. Initial plans of
the JPL Pl had included loan of the Colorado instrument and its incorporation into experiment pre-
paration and LO training at JPL. However, these plans were not implemented and the Colorado inves-
tigator was requested to bring the instrument to Ames and operate it himsell,

During the installation and checkout period at Ames, relatively little time was available for
training, although the plan called for an appreciable amount of training during this portion of the

4
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TABLE A<l EXPERIMENT OPERATOR ASSIGNMINTS

Responsible EQ

. ) . Code . . .
Experiment Group No. Primary Secondary®
Queen Mary College [:2 Operator ¢

o : , . Operator B
University of Southampton L3 Operator A
University of New Mexico Uss3
Meudon Qbservatory and L] Operator A Operator B3
University of Groningen
NASA-Ames Research Center Us!] Qperator D Operator 3
Jet Propulsion Laboratory Operator DD
University of Alaska Us2 Operator C

University of Colorado

Operator B

Primary responsibility includes capability to maintain and repair equipment integral to the

experiment.

Secondary responsibility limited, in principle, to operation of experiment and data interpre-

tation.

Assignment made, some training effected, buf never operated in this capacity.




)

- L
Lo TRAINING |EXPERIMENT AT HOME LABORATORIES® AT AMES* bl
ASSIGN —
IENT
MEN SEPT. ont. NOV. DEL. JAN. (333 MAR. AFF. r1AY JUNE Pl |AMES
LAR i
1 L
* QPERATCR | PRIMARY sH H s T3 o 12 ,
i A ‘ i
SELECTED |
a2 s are . £1 19
| | N :
i
! ]
. E )
i 28
j SECONDARY] ALASKA K A 7 g 12
i
JPL.COLO [:l FaX { 8
SEEONDARY| MEUDON: z
! IALTER GRON Fat & 1
| NATE) b | N
— - - (g S
i = | ;
OPEAATOR | PRIMARY | MEUDON, A 0 ] . @ < i1 B
! B { GRON = ;
f SELECTED - - ‘:c_:
91274 4
1 SECONDARY SH Fa a¥ A N 4
| : b B P sw— 2
| ave A 0 > L 12
i Nkt ND LABORATOHY TRAINING AL ; 0
!
' - T
| CPERATOR | PRIMARY | ALASKA W 6
[ !
SELECTED .
o e J JPLICOLO Oa 0 \ g
1 ] 1 1 i I 1 i

Figur: A-1.— Integrated EO training schedules and managerent reviews.



!

TRAINING

TRAINING AT HOME LABORATORIES AT AMES |
EC ASSIGN- E;:;E’f‘r" | bAvs
MENT SEPT.| 0CT. NOV. DEC. JAN. FEB. MAR. APR. MAY JUNE ! L‘;’a AMES
L ——
OPERATOR \
[ SECONDARY SH FANN A\ ND LABDRATORY TRAINIRG A oo
(CONT.} ‘ |
anve A NO LABORATORY TRAINING A I~ o
) i
M _ Aa I A} 4 127
| i 2
SECONDARY i
{ALTER- AMES A A & 3
NATE) =
o) .
S
OPERATOR | PRIMARY AMES 4, A < oo
o = i
SELECTED - E j
& v —" :
SECONDARY} ALASKA NO LABORATORY TRAINING o 7_ 9
i
JPL/COLO NQ LABORATORY TRAINING AN o
] 1 ] ] 1 i 1 | 1

A MANAGEMENT REVIEWS OF TRAINING

[+— TRAINING PLANS TO 4ISSICN MANAGER

*TIME BLOCKS ARE PERIODS IN RESIDENCE, NOT JECESSARILY
CONSECUTIVE DAYS OF TRAINING.

Figure A-1.— Concluded.

[«=— SCHEDULED START OF TRAINING




ntission, All four FOs were on hand at Ames during the month of May, however.and spent consider-
able time assisting the Pls in final experiment assembly, alipnment. and checkout, This period provid-
ed the first signiticant opportunity for hands-on training.

For the most part, the Os found the presimulistion {light training the most valuable part of
their traming, and the learning process continued well into the simulation portion of the mission.

Management reviews ol training plans and progress occurred at intervals in the programs  most
notably inthe first three months, near the end ol the home laboratory period, and in the linal week
betare simulation tlights, The number of such reviews ranged from Give to two (fig. A-1) Early events
included visite to PL laboratories in Europe by the ESA program manqpger and the submission of train-
ing plans by shree Pls to the ASO Mission Manager for approval. Late in the February to March per-
iod tie Mission Manager personally reviewed training status with three EOs who visited Ames lor
training on experiment support systems and/or the Ames experiment, while the ESA manager visited
vne LS, laboratery to substantiate preparations tor Luronean BOs, The final at-homs, review of triin-
ing was part of the formal experimment readiness review ((CRR) - by personal visit of the ESA mana-
gerin Furope and by telecom with the Mission Manager in the U.S. After final integration, checkout,
and tlight traming at Ames training status vas ssnmarized by Pls and EQOs together, for both man-
agers al the mission readiness review (MRR) on May 29,

1O training activities during each major sepment of the mission are described in the following
subsections.

Liuboratory Training

This section summarizes the training the EOs received at P laboratories prior to the payioad
integration and checkout period at Ames. Tables A-2 and -3 group their comments by experiment.
In some cases, actual EQ training appears to have consumed a relatively small fraction of the appar-
rent available time at a given institute; overall, the average was about 70 percent. The EOs indicated
that this deficiency was due in most cases to the many pressures associated with experiment prepara-
tion. Personal instruction varied trom 20 to 75 percent of the full time available, with an average
of about 50 percent, while hands-on experience was only 5 to 45 percent ol tiwe total and averaged
about 25 pereent. Thus, it appears that the EOs were [el't to their own devices about half the time.
to study documerits supplied by the PLor to otherwise become fumiliar with the experiment (e.g.,
by observation).

Tables A-2 and -3 also indicate some parts of experiments and some documents that the FQs
felt were not available for study and/or instruction, either because the hiardware was not completed
or the documents did not exist,

Hours ol training in PI laboratories are summarized in figure A-2 by experiment, by type of
experience (classroan: or hands-on), and by major subject area (theory, operations, maintenance)
tor each experiment operator. Data are shown for primary, secondary, and secondary-alternate
assignments, witl the last being those experiments on which some fraining was done but no opera-
tion in tlight (table A-1).

As shown in ligure A-2(a), LO experience on primary assignments varied widely from almost
200 howurs lor operator B to 5 hours for D, while hours on individual experiments ranged from 5 to
over 100 with an average ol about 50 Sccondary assignments involved up to 150 hours total, with
individonal experiments averaging abo, 50 hours. Both operators A and B spent more time on one
of their secondary experiments thian on one or two of their primary ones. With one exception,
operators trained on all their primary experiments, but all lacked home laboratory training on at

3
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TABLE A-2-EO TRAINING AT PI HOME LABORATORIES, OPERATORS A AND B

Meudon/Groningen

Queen Mary Collepe

Lniversity of Southampton

evolved and practiced

j

1

Qperator A Operator B Nperator A Operator B Uperator A Opcrater B :

I e

Duration of train? .g Meudon 7 days Meudon 10 days | 12 day= 19 days 3 days 12 days I

Groningen 1 day  Groningen 1 day i

o ) p . . . o L o

7 af time spent dir- 454 407 0587 70 e Ty |

cctly on EO training |

—— e - —— -4

- - N ] . - s i

7 of time personally 35% 207 60 354 707 300 |
instructed

- ———— —_—

% of time with 200 5 157 157 S 300 1‘

hands-on experience :

. —_———t

Timeline procedure Yes Yes Yes Yes Yes (preliminary)  Yes {preliminary) ’

Parts of experiment
studied

IR detector/cryostat

Telescope pointing and tracking

IR vifset problems Molecular cloud
astronomy; EO
procedures

Interferometer optics
Fourier spectroscopy
IR detector/cryostat
Science objectives

Science atns
TV camera and
recorder
Detailed electro-
nics

IR photometer

Science aims
TV canr. . and
recorder

s
|
|

Parts of experiment
not covered

Detuiled electronics, computing
hardware and software

Data acquisitio.. system

—d

IR photometer Allsky
Detailed clectro-

nics

All-sky camera

CATICTL

Literature provided

Technical notes and mecting sum-
maries (Groningen)

Experiment technical reports
{Meudon)

Background scicntific papers
Technical manuals for all commercial
cquipment

A paper on the scientific aims

Technicel summary of TV camera
equipni 1t !
Troubleshooting manual for TV
caera equipment

Technical manuals as appropriate
Background scientific papers

Literature not pro-
vided

Detailed notes and manuals en
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feast one of their secondary proup,

Figre A-200) compares classroom training (lecture, study, observation) with hands-on activi
ties by total hours on prinmary and secondary assignments, The former was the predominant mode
ol imstruction at the PIST laboratories, averaging abautl 70 percent ol the time spent by individual
operdtars on either assipnment. Figure A-200) shows major subject ateas  theory, operations, anld
maintenanee, The first two were roughly comparable times and tended 1o outweigh the mainte-
nancee-related activity. On an average percentage basis, theory represented 36 percent of the total,
aperations traintng 43, and maintenance training 21 percent, There was little dilference between
privrary and secondary assiznments, Within subject arcus, however, there was o two-to-one spread
for difterent vperators: theory from 38 to 23 percent ol the total hours, operations ftom 62 to 27
percent, and maintenance from 28 to 14,

Operator traitting at the home laboratory was primarily a PI responsibility, and the individual
progrims made some allowance for operator experience and experiment complexity. Operator B
was the least experienced amd received nearly 400 hours of training, while A and C with more ex-
tensive backgrounds buad about 135, Experiment E2 appeared more complex and required mare op-
crator attention than L3, and E3 more than US3, as apparently reflected in the training effort. But
what of those cases whoere little or no training was done? Three reasons tor these omissions can b
identified. First, operators A and C had to forgo training on secondary experiments al overseas
laboratories because ol mission schedule and Tunding constraints, Second, experiments US] and
US2/Coiorado were not accessible for training, nor Iud any meaningtul training plan been devel-
opaed: one was not assembled, the other was not on location at the PUs laboratory, Third, operitor
D decided not to train on his secondary experiments prior to arrival at Ames.

Training during Payioad Integration and Checkout

The payload integration and chieckout period at Ames afTorded important training opportusni-
ties [or the LOs, During the first two weeks, the Pls were tully occupied getting their equipment in
working order amd ready Tor installation: subsequently . they were busy with detailed checkout
activities an the aireraft. The EOs assisted the PIs i readying the experiments, at the same time
developing their knowledge of the equipment. Operator B, in particular, worked long hours with
the Southampton group. Operator [} worked many hours with the Ames group, and operator ¢
assisted insetting up the Alaska 1-meter spectrometer.

Opcerator A organized a series of seminars with the Pls, at which cach discussed his individual
experiment for the benelit of all the EQs.

Meudon/Groningen

Operator A worked closely with the PI team in alignment and checkout of the telescope. He
spent several days fabricating an alipnment device to assure proper boresight, e assisted the Pl
tean in balancing the telescope. Because of his Facility with French, he acted as the contact with
the PIteam tor operator I who also had to learn the operation of the telescope. Qperator A spent
about hall time during the month of May on training activitivs on this experiment, including pre-
paring mieh of the operational procedures.

Queen Mary Collepe

_ During the presimufation period, operator C attended a lecture on the QMO systenn. A group
O run-through on the aireralt scheduled Tor May 23 was postponed by the Pls. A complete set of
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aperating instructions was not received until June 2, and in the opinion af the EO, they sutfered
eeneral deficiencies, discussed Tater,

Antes Roscarch Center

Presiimulation training for operator D, the primary FO Tor the Ames experiment, began April
30 and continged on a four- to five-day-a-week basis (12 hours per day) until June 2 when the con-
finement period bepan, When he arrived at Amwes, the ARC instrumentation was in u state of dis-
array, Some picees were heing redesigned (in particular an interface control panel) and other pieces
were o the C-14 for a ditterent series of flights, For the next two weeks, operator 13 participated
in instrwmentation bildup and troubleshooting. He was not involved in development sinee the
tstrwinent i various forms had already been lown on the Lear and C-141 aireralt, He found the
opportunity fo actively participate in experiment assembly and troubleshootitip very useful in
learning the instrument systems and operations, but alse at times a bit inefficient, As part of this
clfort he wrote up almost all the switeh and activity checklist with the expected result that by
flight tinwe he really did not need them.

A second major pliase of the instrumentation for the Ames observation was the Meudon tele-
scope, Here operator D retied heavily on operator A, the prime EO for the Groningen detector,
who spoke better French and had had cacdier training on the telescope in Paris. Operator D ob-
served some of the testing ol the telescope, especially the baiancing of the telescope with deteet-
ors, He had no formal training on the telescope divectly (rom the Meudon Pls, and afthough he
became very much at home operating the telescope, he did not acquire nearly the depth ol under-
standing of its systems that he had on the Ames detector (admittedly also a simpler system),

JPL Aluska/Colorado

During the presimuiation period at Ames, aperator C assisted the Pls with cquipment instal-
lution on the aircraft, and updated JPL and Alaska operating procedures to reflect modifications
that had occurred since Bis visit to the PIs" laboratories in Mareh and April.

He also arranged tor a meeting (May 16) of the Pls for this group of experiments to discuss in
concept the sharing of telescope time and O time among the tour instruments and three tele-
scopes involved, Discussion included: the possibility of putting a TAQEF an the 14 in. telescope;
status of curtaining the area; observations of Venus and Saturn; switehing itom Alaska to Colora-
do during a flight: availability of the fourth EO to help mount the TAOFS and acquire objects; and
the servicing ol JIPL by ADDAS.

During the period May 18-31, which operator ¢ had expected would include major involve-
ment in training activities, the major activity in fact was equipment modilication and repair by the
PI groups.

For JPL, hardware modifications were accomplished up to this point, and there was ground
opportunity to run one TAQOT. For the Alaska experiment, hardware and software madifications
were still in progress. There was no opportunity ta run a linalized procedure. Procedures were still
being rewritten.

A baste run-through of the Colorado system was accomplished on the ground, but optics had
not been compicted so no ground run on o taraet was possible,

As ol May 2X, the T4 in. telescope that was part of both the Alwska and Colorado optical sys-
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tems had not vet been used., although the Pls claimed it was now ready. System transter optics had
ot vet been mstalled. Alaska write-up was still being revised. The Colorado instrument still
vouldn't be tested bevause ol the lack of transter optics. Tt should also be noted that the Colorado
instrument was allocated little telescope time during this period.

Operator C requested a secomd meeting with the JPL group of experiimenters to discuss more
details ol joint use of BO time and target priorities, The meeting was Lheld May 24, At that time, a
solution was devised to a problem involving the vignetting of the beam to the telescope’s finding
scope, which had precluded obtaining targets on previous evenings. Also, more detailed sharing of
telescope time and tarpet priorities was decided upon.

This and the meeting ol May 16 apparently were thie only meetings held to discuss conline-
ment priorities with the JPL group ol experintenters.

Operator ' training on the JPLexperiment group (ks secondary experiments) was concen-
trated daring the last week betore confinement. However, the timing ol his training was due largely
to his own choive ol concentrating on his primary experiment until atter his checkout light, About
one-lalt of his secondary experiment {raining consisted of reviewing switeh lists, checklists, and
otlier material provided by the Pls, The other half of the truining was Jduring evenings on the ram,
with the Pls checking out their equipment and also giving the LOs a chance to operate it. By the
begin-ing of the confinement period, operator D felt he had been adequately trained on these
secondary experiments. He also lelt, however, that if there were signiticant problems there would be
acprinary” EQ around who could hielp out, and theretore that his principal task was to learn
“nominal” operations. In carrying out these nominal operations, he potes that EOs were noticeably
more dependent on the cliecklists than when working on their primary experiments,

New Mexivo and Southampton

New Mexico procedures were reviewed, a lecture wis given on Southampton systems, Qperator
C participated in one camplete run-through on the grovnd.

Summary of Onsite BExperience

Operator training during the experiment integration and checkout pertod at Ames continued
to be the responsibility of the PL For the most part this activity was even less formal than the
home-laboratory training, and much was left to the initiative of the EOs, Some Pls did not arrive at
the start of the period (April 28), and once at Ames, they did not utilize FO time effectively.

Installation of experiments and GIFE was scheduled for 13 working days ol ene-shil't operation
in a coordinated sequence of one-day time blocks Tor effective use of availabie time, space, and
manpower. Depending on the experiment, the last 3 to 6 days of this period was Tor interfacing
with the ADDAS ¢CIYMSY und for final testing of the fully integrated equipment. Following this,
[O traiming on experiments and two PL checkout flights were scheduled for the final two weeks be-
fore simulation began,

With one notable exception toperator 1), the FOs were not Tully involved with the installation
activites. The PEdepended on his team of specialists Tor this work, and apparently had not sche-
duled the EQ into the activity llow, Nevertheless, there was frequent interaction during the two-
week period between FO and P while observing or particinating in the work, in P1 seminars, and
in preparing experiment operating procedures. With one prearranged exception, all experimments
were physicatly integrated and salety approved by the May 15 deadline. Checkout and testing con-
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tinted on into the sehieduled FO training period, however, amd adversely atfected both the amount
and quality of EO experience on the full experiment. Here again the PLand his team did most ol the
work, with FO training at moments ol opportunity rather than as scheduled.

In the final two weeks of preparation, increased activities of the aireralt maintenance crew to
accomme date the scheduled checkout flights had an added impact on training opportunities. IFur-
ther detay s caused by a chironic malfunction of the GSE ground air conditioner, that resulted
in several over-temperature shutdowns ol some experiment equipment and the abrupt termination
of hands-on training sessions,

Tratning during these two periods totaled about 250 hours Tor all EOs and, except for operator
B. sienifivantly exceeded laboratory experivnee (g, A-3), Primary assignments were emphasized,
but coverage was complete, Hands-on experience varied from one-third to two-thirds of the total,
wuh primary experiments on the high side, while operations training accounted for almost two-
thirds of the timwe and integration/maintenance for the remainder. A small portion of this record
is time spent in presimulation flight training. discussed below,

Presimulation Flight Training

Operator training on the integrated payload in a simualated mission environment (complete
with input signals) occurred during seven night sessions on the ground and one in flight, Only two
experintents were operated on all seven ground nights: the minimum was three nights. Alb were
operated in ight, but oniy by primary operators. Figure A-4 gives the training hours and the
amount ol hands-on experience, Fach operator had about 17 hours of ground simutation and 4
lours in tlight, less than 10 percent of his total onsite experience, In some cases, the nonactive
telassroom type) mode was still a sizable fraction of the total during the presimulation flight period,
indicating that either the LO or the equipment (usually the latter) was not cleared {or proxy opera-
tion. Furthermore, only in fight was a veal effort made to follow a timelined operation. Nevertlhe-
foss, all Qs agreed that this integrated pavioad experience was their most valuable training by far,
and served a critical need as a reasonable analogue to integrated mission simulation for Spacelab
missions,

Following thehit 1. devoted to P checkout of the payload, [lights 2 and 3 attorded the EOs un
opportunrity for inflipht experiment operations, in a tfull-up analogue of an integrated mission sim-
wiation lor Spacelab, The flight sehedule called for the primary Ames FO to receive this training on
tlight 2 and the others to operate their primary experiments on flight 3. It was planned that during
the tivst half of the flight. the EO would start up md operate his prime experiment (or group of ex-
periments) without direct assistance from the Pl who was available only via intercom from the rear
of the aireralt. The EO would continue as primary operator during the second half of the fTight, but
with the Pl available for direct hands-on assistanee if requested by the FQ.. No inflight training on
secondary experiments was provided.,

The efTectiveness ol EO Pight training was Lmited by {he marginal condition of some of the
experiments. In particular, the Meudon/Groningen and University of Alaska experiments suilered
itom significant telescope and computer system problems. respectively. Actual flight training acti-
vities of the EOs are detailed in figure A-5, which indicates O time spent operating their primary
experiments, assisting another EO and troubleshooting the equipiment. The astronomical targets
also are indicated,

MPG flight guidelines were not followed on flight 2, in part as a result ol experiment problems,
During this flight, operator D observed experimental activities while the Ames PI guided on Venus,
Between Venus and o-Here, he assisted the Ames PLin troubleshooting his experiment, and then
altevnately eperated the felescope controls or the spectrometer controfs wiiile guiding on « -lHere
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and tite Moon. He never operated sl controls simultaneously and enjoyed constant assistance from
the PL

On tlight 3 the participanes attempted to follow the general EQ tlight operations plan. During
the rirst part of the ight, the Pls were available (at station) only when requested by the FO. Such
reguests were made fairly frequently, mostly For advice but also for troubleshooting. Qperator C
spent a signiticant portion ol this time troubleshooting the Alaska experiment (the computer tre-
quently locked up). The JPL experiment was turned on but largely ignored, and linally was turned
oft by the PI because no obvjous signal was being generated. Alter a short periad at the controls,
operator Clett the Colorado experiment in standby and worked on the Alaska experiment, He and
the Colorado PIattempted to guide on a star, but the star was too dim for the stabilization sysiem
su this experiment was shut down also. The Alaska PI (aided by an Alaska techinician) was able to
st his experiment ap shortly before descent from altitude.

Operators A and B fured better, A Meadon techiician was assigned to improve the balance and
stabilization of the Meudon telescope during the Mlight. His activities affected the consistency off
telescope pointing, but were otherwise relatively independent of operators A's operations of the ex-
periment. Atter Pls were allowed at station, the Meudon PI became the primary operator on M-17
and o -0ph during the remainder of t - tlight, Operator B was in primary control of his experiments
during most of the flight. The New Mexico PI did some trouldeshooting ol his 16-mm camera, The
remainder of the equipment was operating satistactorily,

Summary of Training Experience

Qperator training tor the Joint Mission is summarized in figure A-6. A 200- to 300-hour level
of effort was expended on primary assigninents, and on secondary assignments by operators A and
B: Cand D spent under 100 hours on their secondary experiments. Training at Ames was a laree
fraction of the total, particularly for the more experienced operators. This last result may be unique
to this simulation exercise rather than a valid Spacelab analogy, since opportunity lor training at the
Spacelab integration/launch site may be limited by facilities and integration schedules.

TRAINING EVALUATION

[ata on FO training effectiveness were obtained from EQ notes and the responses of Pls and
EOs to a questionnaire prepured by the ASSESS observer team covering a aumber of specific train-
ing areas.

EQ Observations

EQ comments on training at the P hom» laboratories are briefly summarized below, by experi-
ment. One observation appeared generally « plicable zeross the entire experimental payload -
namely, the tendency of the PIs to assume that their experiments would operate satistactorily and
according to an established checklist available to the responsible EO. Instruction therclore tended
to emphasize equipment operation with little attempt to develop a working understanding of the
experiment that would have facilitated troubleshooting and repair.

Meudon/Groningen

No structured training plan was followed, largely because of PI involvement with experiment
development. Even on days designated for EQ training, the Pls were not able to devote Tull atten-
tion to that activity. Technical explanations were good, but could have been more extensivi . Gver-
all, training tor Meudon/Groningen experiment operation was just sufficient for normal operation.
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An O without the necessary Backarotnd, given this fevel of training, would have been forced to
operate essentially s a technician.,

Queen Mary College

The [-0s attended two meetings ol the experimenter team at which scientific objectives und
overall experiment planning were established. The EOs thus were involved relatively carly in the ex-
perintent development period and on a scientific - ay compared with a merely technical  level.
Seventt members of the PI's team worked with the EOs on the days designated for EQ training, and
provided helplul explanations of experiment details. Overall, this phase of QMC training was satis-
factory. although significant training time was lost carly in the laboratory period due to lack of ex-
periment readiness, and the preliminary operating procedures that had been established proved use-
less i the face of continuing changes it experiment configuration,

University of Southampton

No agreed-on training plan was established, and continuity of PI/EO interaction during the
laboratory training period sutfered as a result, Overall, the level of EO training was just about
~atTicient for a nonspecialist,

Anmes Research Center

No training plan was established -- in Tact the experiment was not ready until just belore the
flights. The prime EO participated in assembly ., test, and checkout of the equipment in lieu of any
Formal training. Training on the telescope was received from the prime EO on the Meudon experi-
ment rather than from the Pls,

JPL/Alaska/Colorado

Difficulties in experiment development and equipment availability, together witlt a lack of
coordination among the scientists for this experiment group. seriously limited both the extent and
quality of EO training. In particular, telescope timeshare arrangements and experiment aperating
priorities were nof even discussed, despite their central importance to experiment data return,

University of New Mexico

EQ training provided by the New Mexico PI was satisfactory. In contrast to the other experi-
menter programs, the New Mexico material included detailed operating procedures.

ASSESS Questionnaire

The ASSESS questionnaire (tig. A-7) was designed to elicit PT and EQ estimates of training
progress on each experiment in @ number of significant arcas, Ratings covered a range of perceived
EO understanding expressed in the numerical values 0 through 10, with 0 indicating that no instruc-
tion had been provided and 10 indicating the respondent’s estimate that [ull understanding ol the
area in question had been achicved. These values were used in calculating composite and average
scores for purpose ol analysis. Questionnaire responses were obtained at three points in the integra-
tion and checkout period at Ames: at the end of the first week (5/5), midway through the period
(5/15). and just belore the first Might of the simulation period (6/2). EQ and PI responses are
shown, by experiment, in ligure A-8, Overall ratings of EQ proticiency by Pls are given in ligure
A= Refer nce rating levels are shown Tor comparison, with 5 the threshold of adequate proficiency

26



Name

ESTIMATE OF TRAINING PROGRESS

Experiment

Mm___ O

Prime

Backup _

Areas of Instruction

Well Adequately
Understood Understood

Hl MED LO HI MED LO

Need More
Instruction

HI MED LO

Little or
No Instruction

LITTLE: NONLE

. Rescarch Objectives

. Relationship of experiment procedures Lo

research ohjectives

. Experimental procedure:

a. Sensing/Detecting Phase
b. Signal Conditioning Phase
¢. Data Recording Phase

d. Data Evaluation Phase

. Target-Mission selection procedure

. Assembly and installation of equipment

b

Alignment and focusing of equipment

=1

. System testing of equipment

. System calibration of equipment

I,

System maintenance and troableshooting
procedure

. Preflight checkout procedure

. Post flight communijcation with P1

. Reviewing and planning for potential

problems

13.

Additional Comments:

RATING SCALL

'

10 9 8 7 6

Figure A-7 Questionnaire used to evaluate training progress




HOOJ S OV TYNILe~
M1 J0 AITIE0Nd0ddE:

EO PROFICIENCY RATING

SECONDARY EXPERIMENT

10 — PRIMARY EXPERIMENT
e
8 -
— TARGET
/
 — L EVEL
MEUDON/GRONIGEN
G -
THRESHOLD
LEVEL
4 .
2 O Pl RATING
/\ EO SELF RATING
0 1 ]
5/5 5/15 6/2 5/5

DATE OF SURVEY

{1) Operator A.

Figure A-8.-- Training progress of individual EOS.

5/15

6/2



EO PROFICIENCY SCALE

10

— PRIMARY EXPERIMENT SECONDARY EXPERIMENT

TARGET

LEVEL

THRESHOLD

S e~ P P
2 - JPL& AL
JPL/COLO ; -
- /
— O PI RATING At
/\ FEOSELF RATING
] 1 L { |
5/5 5/15 6/2 5/5 5/15 6/2
DATE OF SURVEY

{b) Operator B.

Figure A-8. - Continued.



(013

EOQ PROFICIENCY RATING

10

PRIMARY EXPERIMENT SECONDARY EXPERIMENT

AL
e
#—
. —____' _—-—-—'
T e N TARGET —
e p- LEVEL A
~ NM —
~< s
| JPL/COLO -
THRESHOLD
LEVEL
— O PIRATING
/\ EO SELF RATING
| 1 .
5/5 5/15 6/z 5/5 5/15 6/2

DATE OF SURVEY

(¢) Operator C-

Figure A-8.- Continued.



1€

EQ PROFICIENCY RATING

10

PRIMARY EXPERIMENT

SECONDARY EXPERIMENT

TARGET
LEVEL
AMES
| _
7 A
< THRESHOLD /\O
/ % - LEVEL AL 7
yd — /
yd — V4
PJPLICOLO
O PIRATING /
/A EO SELF RATING
] 1 !/ | |
5/5 5/15 6/2 5/5 5/15 6/2

DATE OF SURVEY

{d) Operator 1D,

Figure A-8. - Concluded.



[43

EO PROFICIENCY RATING

10—

PRIMARY EXPERIMENTS

—— —— — TARGET LEVEL— ——

O OPERATOR B
0 OPERATORC
¢ OPERATOR A
/A OPERATORD

SECONDARY EXPERIMENTS

— THRESHOLD LEVEL

] 1 i

5/5

5/15

6/2 5/5 5/15
DATE OF SURVEY

Figure A-9. - Summary of EO training progress, Pl ratings.

6/2



amd 8 the  target™ level tor a well-trained operator,

A interesting characteristic ol the data shown in ligure A-8 is that operators A und C were
generally more confident of their ability on primary experiments than were the respective Pls, while
e reverse was trie of Boand 13, 1 appears that A and C had sulTicient background experience and
Liborztory training to teel reasonably well prepared at the start of this period. On the other hand,
operator B lacked experience, and D lacked luboratory training. to the extent that their starting pro-
fiviency was relatively low,

With relatively few exeeptions. both EQ and PI confidence improved substantially during tie
integration and checkout d-week period., particularly on those experiments where little or no prior
(raining was done. Notable exceptions from the PI's standpoint were QMC and JPL/Colorado, The
QMC PIs ratings of EO proficiency dropped appreciably at midpoint lor all three prospective oper-
atars, indicating that prior training was less elfective than expected, but recovered sharply in the
final two weeks. The JPL/Colorado experiments made little progress at first and Less than average
thercafter, a definite reflection of integration and operating problems that delayed operator train-
ing. On the other hand, all the LOs indicated that their midpoint position on one or more experi-
ments did not improve muci, {f at all, in the fast two weeks, while all but one of the corresponding
PI ratings showed a distinet improvement., Possibly LEOs became aware of more gaps in their know-
ledge as the flight period neared, while the PIL alreidy aware of such deficiencies, telt they were
being corrected,

Both [O and PI ratings indicate that O preparation for primary experiments was superior to
that Tor secondary experiments, usually by a large margin, Although such a difference in operating
proliciency is a normal consequence of the assigiment guidelines (table A-1Y and the training prior-
ities tollowed for this mission. the extent of the disparily at the end of the training period, particu-
Larly as perceived by the Pls, is surprising (fig. A-9). On primary assignments, all operators were
close to the 8 or “target™ training level, while secondary assignment levels were about §, the thres-
hald level. These statistics were borne oult during the simulation period, when primary operators
ustally handled equipment repairs and had 1o provide assistanee, in some cases, to FOs operating
their seconduary experiments.

Figure A-10 is a composiie look at areas of minimum FO proficiency identilied by PI ratings
on the ASSESS questionnaires, Deficiencies oceurring most often are shown with their averape rat-
ing values, For example, on May § area ¥ was rated lowest on 11 of the 17 FOQ/experiment combina-
tions, with an average value of 1.4 tout ol 10). Tt is notable that (1) avertime, average ratings in-
creased sharply and frequency decreased, thus indicating improved performancee; (2) tive of the ori-
ginal six deficiency areas carried through into the mission. and four of these were maintenance-
related functions (the tifth was O/PT communication); and (3) the significant addition midway in
the period was “data evaluation,” which except for “alignment and locusing™ was the lowest ruled
area ol performance lor 6 of the |7 possible selections.

Table A-4 groups final questionnaire results under three major headings  planning, opera-
tions, and maintemnee - to illustrate EO strengths and weaknesses at the start of the simulation
period. Pls were generally more confident than EOs in the area of experiment operation, and about
equally divided on maintenance and planning. Where large point spreads oceurred either way. and
this was not uncommon. there obviously was a difference ol apinion as to the amount and depth of
training required to deveiop a fully competent proxy operator. In one-third of the comparisons
shown, the point spread was two or mare,
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TABLE A4 — PRESIMULATION TRAINING LEVEL, 6/2/75

j T
Pluanning Operations Maintenance Ail Functions
(1.2.4. 11 (3,10 (6.7.8.9.12) (Ave.)
EO Expmts. -
EO Pl EO Pl EO Pl EO I PI

B p 8.0 8.0 6.1 8.8 47 75 6.1 8.1

S 4.5 5.3 5.4 6.1 3.7 43 | 4.5 5.2
1]‘ —

C P 9.0 6.7 8.2 7.7 8.4 57 | 83 6.7

S 6.3 4.9 4.7 6.9 48 16 5.2 55
| _
1 !
|
A P 9.0 8.3 9.0 9.0 8.4 7.8 8.8 84
5 8.3 7.4 8.6 7.2 7.9 54 8.3 606 |
‘ :
D P 6.0 6.8 5.2 8.4 54 | 90 | 55 82 |
S 54 5.5 3.0 5.0 3.6 44| 1.6 49 |
- :
Ave. P-S 1.9 17 1.2 22 1.7 28 1.6 230
Ave. P 8.0 75 7.1 8.5 6.7 73 r 7.2 79 |
Ave. | S 6.1 5.6 5.9 6.3 5.0 17 57 5.6 i

| 1

+




INFLIGHT PIRIFORMANCL

Foode A-3 deseribes FO assisnments i terms of the scivntific objectives of cach experiment
and the specitic tasks - ssociated with their attnment. Specific operating procedures involved are
aven in the linal section of this appendix, A briet description ol O activities and sipnilicant events
that ocetirred durine the simulation week (Hights 5 - 9) is given below, tollowed by o discussion of
1O periormance in terms af target acquisition, ability to resolve problems during tlight or on the
sround. and interactions among the LO across experimental assipnment boundaries. Where appro-
priate. comparisons are made with PL performanee in similar situations during postsimulation
HITLITICY

Flight Activitics

Figure A-11 gives timeline informution on EO activities during the Tive flights of the simulation
week, Open blocks represent the periods during which an EQ was attempting to collect data. The
avaitable time on astronomical targets is pliced under the Meudon/Groningen or Ames operation
timeline sinee all targets except Venus were of jiterest primarily only to these experiments. The
Southampron timeline is separated into three components  the photometer, 1807 FOV camwera,
and TV - because these elements (mostly accidentally) had somewhat dilterent periods, The two
modes of operation for the Alaska experiment, telescope and skyglow, are also shown on separate
timelines. During Nights 5 and 7 the Ames EO (operator D) was oft duty and spent his time trouble-
shooting the Ames dewar/detector. These periods of activity are shown above the Meudon/Gronin-
sent timeline. The Ames dewar was not attached to the Meudon telescope during these tests,

Flighit §

The assignments Tor Tight 5 called for both Alaska and Colorado to obtain Venus data (fig,
A-1Taa). However, the FO had difficulties acquiring Venus (no boresighty, When he did acquire the
target. he was unable to get the Colorado computer up so neither PL got Venus data, This FO then
got JPL and Alaska up in skyglow modes and then intermittently tried o put the Colorado experi-
ment into operation. During an wreraft-related deviation from the planned course (approximately
2300,. the Meudon'Groningen EO conducted system noise checks. The Southampton FO lorgot
completely to turn on the 1807 FOV camera. Finally, an interruption in the New Mexico data was
causad by ¢ lightning storm in its line of sight, and the 1O turned e system of 1 temporarily.

Flight 0

Ilight 6 was less hectie than tlight 5. However, Colorado and Alaska again both requested
Venus data, and again the EO was stow in acquiring. Some Venus data were collected but for only
one PL The interrupted Colarado timeline shows the elfect of conllicting operating priovities. The
experiment was on standby for a good portion of the (Tight because the FO didn’t have the time to
set ot up for data collection (airglow alter Venus) as frequently as required by its operation, The
interruption in JPL duta was caused by ADDAS being down; since this meant no permanent record
the T°0 chose to go temporarily to standby,

Flight 7

Flight 7 was only moderately successtul. The Meudon/Groningen experiment had low sensitive
ity througheut the flight, Venus drilted out of the telescope’s window, and the EQ spent the next
two hours trying to diagnose the cause. e developed some theories, but no solutions, The Colorado
10 also had problems. The spuetrometer kept stalling, and the IO devised a method to start it vach
time. This same LG was suecessful in switehing the Venus signal from Alaska (o Colorado during
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TABLE A-5.

LO ASSIGNMENTS DURING TIHE SIMULATION PERIOD, BY FLIGHT

AND OPERATOR
U P
Fliplt T Operator LExperiment Objectives and Tasks
S Meudon/ Obtain spectra of Venuas: map area ol § Cephi,

Groningen M7 und p Oph.

Southampten Obtain TV pictures ol airplow; obtain airglow
photopraphs with the Nikon canery in o pre-
seribed sequence: operate the photometer (let it
uny,

QMC Run mterfervogams on atmospheric emissions in
fur IR,

New Mexico Obtdin photographs of O airglow in dark sky.
Record sky parzmeters every 30 minutes, Operate

| the photometer et it run). |

JPL UV skvglow measurements on all legs,

Colorado Obtain Venus spectra; obtain airglow through 14"
window during g Oplu leg with star trucker oft and
leliostat tracking on,

Alaska UV spectral scans on Venus, seattered sunlight,
0, lerzberg nighiplow, OH Meinel niglitglow.
Oit duty,

Conduct microphionics tests on Ames photometer.
6 Meudon/ Obtain spectra ol Venus; map area of’ 8§ Cephi,

Groningen M- 17 and p Oph,

— _ - e e e e ———— e i e

Southampton Obtain TV pictures of airglow: oblain airglow
photographs with the Nikon camera in a pre-
seribed sequence: operate the photometer (let it
rumnj.

New Mexico (btain photographs of O airglow in ight sky.
Record sky paramelers every 30 minutes, Operate
the photometer (let it run).

QMC Run interferograms on atmospheric emissions in
far IR,

O duty.

JPL UV skyplow measurements on all leps, ﬂ

Alaska UV spectral seans an Venus, QH Meine! rightglow.

Colorado Obtain spectra of Venus: do airglow threugh 14°
window during p Oph and M-17 leps with star
tracker ofi and hefiostat tracking on,

7 Meudon/ Obtain spectra of Venus, NGC 7000; map areq of

Groningen J p Oph.




TABLE A-5 (Continued)

Flight Operator Experiment Objectives and Tasks

i 7 B JPL UV skyplow on ull lees.

|

! Alaska Obtain spectral scans on Venus, nightglow Oy,
I nightglow 3517, nightglow OH.

Colorada Skyglow measurements on all leps except 7 Scor,
Attempt to track this star on p Oph lep.

C New Mexico Obtain photographs of OH airglow in night sky.
Record sky parameters every 30 minutes. Operate
the photometer {let it run).

Southampton Obtain TV pic ures of airglow and meteors: obtain
airglaw und m.eor photographs with the Nikon
camery in a preseribed sequence; vperate the
photometer (ict it run).

QmMmC Obtain interferograms on atmospheric emissions in
lar [R.

D OIT duty.
Conduct microphonics tests on Ames photometer,
] A New Mexice Obtain photographs of OH airglow during night
sky. Record sky parameters every 30 minutes,
Operale the photometer (lel it run),

Southampton Obtain TV pictures ol airglow; obtain airglow pho-
topraphs with the Nikon camera in a preseribed
sequence: operate the photometer (let it run),

oMC Run interferograms « . atmospheric emission in
lar IR,

B Ot duty,
C Alaska UV spectral scans on Venus, scattered sunlight,
0O, Herzberg airglow, OH Meinel airglow.

JPL Try to get sunset airglow on Venus leg,

Colorado Obtain spectra on Venus and Alpha Virginis.

D Ames Obtain spectra on Venus, Alpha Herculis,
IRC-102106, a Vir (Spicyj, and a Cyg (Deneb).
9 A OFf duty.

QMce Run intetterogruiss on atmospheric emission in
far IR.

Southampton Obtain TV pictures of meteors; obtain meteor

photographs with the Nikon comera in a pre-
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TABLE A-5 (Continted)

Flight Operator Lxperiment Objectives and Tasks
T e e
Y B Souththampton seribed sequence: operate the photometer (let it
{eont.) run),
New Mexico Obtain photographs of OH airglow in nde sky.
L Record sky parameters every 30 minutes,

C Alaska UV speetral seans vg Venus, OH Meinel airglow.
IPL UV astronomy on Venus,
Colurado Obtain UV spectra on Venus, OT! Meinel airglow. ]

b Ames Obtain spectra on Venus,

. R
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that Jep of the 1light. Finallv. the Southampton TV tape recarder was set up incorrectly during the
Lirst hour of experiment aperation.,

Llioht 8

During tlight 8 a repeated request by the Southampton Pl for photometer dark current was
finally carvied out: the photometer was turned on carly. but with the lens capped to exclude exte:-
nal radiation. This light was the {irst Tor the Ames experiment, and the EQ spent much of the first
data leg aligning opties. He also found that he could not guide consistently on «-Virgo and .aade no
coneerted eltort to do so. He made no attempt to guide on Deneb. Both targets had been requested
by the Ames PLL but were considered of less importance than the fiest three targets of the {livnt, The
long stundby period for the Colorado experiment between Venus and o -Virgo was as planned.
Adaska also wanted Venus data on this leg, but the EO chose to set up Alaska for airglow and con-
centrate on getting the Venus datia tor Colorado,

[Flight 9

Flight 9 was only ibout half the length of other tlights, and included only a Venus leg and 2
reverse leg back to Ames. Until late in the flight, the sky was too bright Tor Southampton and New
Mexico, The Alaska/Colorado IO acquired Venus early Tor Alaska, and later in the Venus leg he was
able to switch the signal to the Colorade experiment. This had been done on flight 7 but not
nearly as successtully, Operator C also had the JPL experiment on-line, but failed to acquire any
uselul scientilic data. Operator I on the Ames experiment obtained some very good duata on Venus
until the target moved out ol the elevation range of the Meudon telescope,

LQ)/PI Flight Events Comparison

For camparison purposes, ligure A-12 shows the activities on a *typical™ PI flight (12, The
dilterences result basically lrom the availability of more Pl operators with more time o 'veir dis-
posal. Calibration activities took place on every PIL fight, Calibration had been possible on only two
EO flights (5 and 8) owing to the tight timelines that characterized the conlined Nights, Azain. be-
cause of timte, such activities as reading data from magnetic tape onto strip chart took piace on the
groutd during the EO operating period, while the Pls did these tasks in 1light.

The availubility of more operators on the PI [lights also allowed more complex operations, New
Mexico shifted some components to the right side of the aireraft under certain viewing conditions.
Colorado, now a two-man operation it required, chose astronomical targets of oppartunity (i.e., not
scheduled),

Operational Effectiveness and Data Quality

Table A-6 summarizes EO inflight performance during the simulation period in terms of time
cltectiveness, expressed as a pereent of available time (time on track) that the experiment was oper-
ared to acquire data, and data quality based on PI estimates made at the end of the simulation per-
iod. Figure A-13 shows LO performance in terms of data quality achieved for cach experiment, by
Mlight. It is immediately apparent in Table A-6 that results were better for ml-sky observations than
for astronomical targets involving acquisition and guiding funetions, and depending on aircraft posi-
tion and stability, Thus, FOs whose major assigmuent was astronomy usually scored lower than
those making all-sky observations. When equipment was operating normally, the TQOs produced
average or better data: when problems oceurred, the quality of their product dropped sharply . Over-
all, the results are distinetly favorable, Expertments were maintained in operable condition to pro-
duce useful quality data for nearly three-fourths of the time available to the FQOs.
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FLIGHT 12

Figure A-12. P activities on a representative post-simulation flight (Flight 12).
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TABLE A-6.- EO INFLIGHT PERFORMANCE RATINGS
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Operator performance showed a distinet improvement as the simulation mission progressed,
exeept when o serious equipment problem affected data acquisition (g, A-13), The most notable
examples are the Alaska and Ames experinents. It appears thai secondary vor alternate primecy )
operators benetited from the experience of their associates on these sume experiments, sinee their
first-timee oporation was usnally better than on the previows tlight, Operators of the Queen Mary/
Soutlampton New Mexico group performed well from the starts the latier two experiments were
well automuated and observed in a skyglow mode, which made their tasks somewhat simpler, The
relatively poor results on Meudon for flight 7, IPL tor tlight 9, and QMC on both 8 and 9 were
catsed by equipntent problems. Figure A-136d) summarizes data quality lor the entire instroment
paviowd. for the five 1O tlights, and shows a general tremd of improving performancee.

Comparison of IO and Pl Operating Perlormance

Ditrering modes of operation were emploved in 1O and P data Nights. During the PI 1Tights,
there was a large increase in manpower (from 3 to 14), which allowed operator specialization,
and the experimenters had free access to equipment and outside support. In addition, significant
changes were made on six of the cight experiments to improve data acquisition and quality. In
combination, these factors should have created near-optimum operating vondition for the Pls,
within the normai constraints of airborne research, during the seven postsimulition flights. The
following comparisons are nude with this in mind.

Table A-7 gives manpower loading, observation time, amd data guality by individual experi-
ment for both flight periods. Data quality is again based on PIestimates rated on the 0 to 4 scale.
Overall, the results tor BO and PI operation are comparable, in itselt suflicient reason to commend
the EOs™ performance. There are some other notable Tactors that require attention, however,
Iirst. during the PI tlights there was a substantial calibration efTort for four experiments, as op-
posed to i modest elfort for only one during the simulation period. This eftort combined with
actual ebservation times gives seven of the eight experiments a significantly longer period of
operation by the Pls, clearly o rellection of the greater manpower loading. On the other hand,
the data quality achieved by the Ply is not generafly superior to that of the EQs. Of the three
apparently significant improvements in data quality during the PI flights, two (Meudon and
Colorado) were influenced strongly by experiment changes that would have similarly benefited the
EOs. Of the remaining five experiments, three achieved slightly better data quality during PI opera-
tion and two (New Mexico and Southampton) suftered some reduction in quality due to sky
brightness frony various sourees (¢, the Moo that interfered with their observations.

The overall comparison at the bottom of table A-7 shows PI pertormance some 30 pereent
better in operating time and 20 percent in data quality, but about the same in utitization of
availuble observing time. If the P1s were operating at near peak elfectiveness for the given con-
ditions, then the EOs were able to achieve about 75 percent ot this level with less than one-fouith
the manpower, Without question, this was an outstanding accomplishment.

Payload data quality for the three mission {light periods is compared in {igure A-14, again
on a 0-4 rating scule, Both Pls and EOs were significantly better on their second flight (flights
2and 6, respectively ), and continued to improve with experience at about the sume rate. Post-
simulation {lights benefited Irom experiment improvements and increased manpower at lirst,
but then were adversely impacied by sky brightness and flight constraints to accomodalte specific
experiments.

To further clarity the relative performaace of the two groups, table A-8 ranks experiments
i order of improvement on Pl flights and indicates the primary reasons {or the observed dif-
ferences, Results are given in terms of observation time and data quality. Again, manpower loading
50
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TABLE A7,

COMPARISON OF 1O AND PI PERFORMANCL

————

furget s .
observation time Pata quality Calibration
Average . " estimates (PI) X
. L _ " |per flight (avg) time per
Experiment |Operator|manpower , meed  21iaht
loading Minutes Percent of {No. obser.)Overall inite;
o available| periods |[rating &
Moudon/ EQO (P) 1 155 72 9 1.4 6
Groningen PI 3-1/2 121 77 14 2.9 79
Queen EOQ (P) 1/3 80 47 3 2.7 0
Mary EQ (%) 1/3 185 74 2 2.5 0
College Pl 1-3/4 222 66 | 7 2.0 29
Southampton; EOQ (P) 1/3 200 100 3 4.0 0
EQO (8) /3 240 g9 2 4.0 0
i PI 1-3/4 218 99 6 2.8 4
Ames | FO (P) | 1 59 48 5 1.7 0
i PI 3 60 48 2 2.0 38
JPL [ EO (P} 1/3 190 100 3 0.5 0
ECQ (8) 1/3 233 93 2 1.5 0
PI, 2 7 215 63 9 1.0 39
Alaska EQ ({P) 1/3 190 92 7 2.1 0
EOQO (5) 1/3 33 93 6 1.7 0
, ) - PI 113/4 278 87 13 3.5 6
Colorado | EO (P) 1/3 39 44 5 2.0 0
EO (S) 1/3 104 65 4 1.8 0
PI 1 108 33 16 3.4 a
New Mexico | EO (P) 1/3 158 90 | 3 4.0 0
EO (S) 1/3 103 98 | 2 4.0 0
| PI 2 263 100 L 5 3.8 0
*Not including calibration periods.
(P) Primary assignment
{S) Secondary assignment
Overall ratios:
+ Manpower loading, PIJEQ = 14/3 = 4.7
» Operating time {incl. calib.)/exput, flight, PI/EO = 205/158 = ..3
» Utilication available obscrving time/expmt, flight,
PI/EQ = 0.74/0.76 = 1.0
+ Data quality rating/expmt. obsv. perioed, PI/EQ = 2,8,2.4 = 1.2
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Figure A-14.— Overall performance of EO team compared to PI teams.



TABLY A-8,

b
1

Experiment

RATIOS OF PI TO EOQ PERFORMANCE BY ORDER OF IMPROVEMENT

Ratio of

observing times,
PI/EQ, per flight

e i 4 m—— e —

Primary reasons for change in performance

e (D) 1.81 Full attention of PI

Colorads (2) 1.60 Full attention of co-investigator; no time
sharing of Alaska telescope

BUNSEEQ D) 1,52 PI observations hoth sides of aircraft, so

; more time available

;Aluska (2) 1,34 No time sharing with Coleorado; full atten-

| tion of co~investigator

FIPL (D) 1.04 Automated skhyvglow measurements for both

| EOs and PIs

Ames 1.02 Limited PI expericnce with system; some
calibration

. Southampton (1) 1.01 Experiment required little attention

Meudon/Groningen 0.78 Extensive calibrations by PI

Group (1) average 1.4 Available manpower

Group (2} average 1,33 No time-sharing manpower or equipment

Single experiments

average 0.90 Calibration requircements
(a} Obscrving tinme,
| Ratio of j ]
Experiment da;?/ggfléii’ lPrimary reasons for change in performance
observations

Meudon/Groningen 2,07 Increased signal strength

Alaska (2) 1.84 Automated skyglow measurements (PI)

Colorado (2) 1.79 Much improved optics for co-investigator

Ames 1.19 Experienced telescope operator (Meudon);
inereased signal strength

JPL (2} 1.11 Greater expericence of PI with unproven
instruments

COMC (1) 1.00 RFI and ADDAS probhlems for both FOs and

! PIs

PN (1) 0,95 High-quality data for hoth

iSouthampton (1) 0.70 Reduced by sky brightness for PI |

[Gnoup (1) average 0.88 Environment and support problems

i Group (2) average 1.58 Improved input signal

‘Single experiments

{ average | 1.63 Improved input signal

.

]

(b) Data quality.
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and equipment changes account for the longer time periods and better daty quality, respectively.
Responses to Operating Problems and Experiment Malfunctions

O respontse to experiment and enviroamental problems is a primary element in the total
performance equation. The capability to evaluate and resolve problems will be vital to the success
of a Spacelab mission, as it was to the Joint ASSESS Mission. In this respect. the present experience
was a realistic analogue. Both the physical isolation and the meuans of communication were de-
signed to duplicate the essential constraints of the Spacelab.

Problems encountered and EQ responses are summarized in table A-9. (Appendix A in the
final report volume provides more deseriptive information and analysis,) Sixty-nine events were
identified, of which almost three-fourths were in the experiment, less than one-fourth were caused
by the operator, and the remainder by the vehicle andfor its support systems (GFE). More than
two-thirds occurred while an FO was operating his primary experiment, Corrective measures re-
solved 29 problems during Qight, 10 of which involved assistance from another EO or the Mission
Manager, In another 25 cases, the EQ took positive action to troubleshoot the mallunction or to
adjust his procedures to “live with™ it, Only 15 problems were delerred for reselution after flight,
and of these there were only two that caused experiment operations to cease (one ecach on Ames
and Colorado),

An interesting general finding, evident in table A-9, was the relatively greater incidence of
problems with the operation of the grouped experiments. Operators B and C were responsible for
grouped experiments (three) on both their primary and secondary assignments, while operators
A and D operated u single experiment on their primary assignment and one of the groups of three
as secondary. The amount of electronic equipment «ach EQ had to contend with was roughly the
sanmie. The multipurpose aspect ol the grouped experiments may account for the larger number of
problems; three or more times as many simultaneous measurements were being made.

Table A-10 compares the frequency and resolution of only experiment malfunctions for the
simulation and postsimulation periods. The total number was similar for both periods, but during
the PI flights, over two-thirds of the malfunctions were concentrated in the QMC and JPL experi-
ments (RFI was a major problem for both, as it had been earlier). The significant conclusion from
the data in table A-10 is that the EOs were able (o solve a larger number and proportion of prob-
lems than the Pls, most notably in flight without PI support. Some of the more serious problems
required assistance from the Pis alter flight, but postflight aid of this kind was an accepted mission
guideline and does not detract from EO pertormance. In addition to the EQs’ competent handling
of normal experiment operations, they also responded elTectively, by PI standards, to equipment
malfunctions. It should be noted, however, that both EOs and Pls were unable to solve a substantial
number of probiems, In a few cases, the imp:ct of these unresolved problems on scientific accom-
plishment was significant, indicating the need for a more positive management input to the experi-
ment development process.

Operating Errors

Of the 13 operator errors made during the simulation period (table A-9), five were serious
(i.e.. involving data loss) or potentially serious errors in experiment setup or operation. Four oc-
curred during flight operations, and the fifth occurred on the ground just belore takeoff. The
latter would have been serious had it not been corrected before the start of the first data leg.
No aperating errors were observed during PI {lights [0-16 Tollowing the simulation period.
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TABLE A-9. - PROBLEMS IMPACTING EXPERIMENT OPERATION DURING SIMULATION FLIGHTS

13

Source and EO Responses
Primary or! Number Corrected in
£O Secondary | F13eht Other Actions
Expmt.| GFE |Operators — | & y -
Seif With help| Live with|TroubleshootFix on ground
Operator p 6 D 3 0 0 5 3 1
A 5 2 0 0 g 1 0 1
Operator P 4 1 6 1 1 3 5 E
B S 401 2 1 4 1 0 1 ;
Operator P 11 3 2 7 3 4 0 2 f
C S 6 0 1 3 1 0 1 2 ;
Operator P 3 2 1 0 0 6 0 0 |
D S 3 0 3 2 0 0 0 4 .
ALl P 34 6 7 13 4 16 6 8 |
S 15 1 6 6 6 1 2 7
All 49 7 i3 19 10 17 * 8 } 15
’ 7110 19 28 14 25 11 L2z |
i i
100% I 585
: |




0¢

TABLE A-10.— MALFUNCTIONS OF EXPERIMENT LEQUIPMENT

Number of malfunctions Problem solved . Problem neot
Experiment In flight | On ground FQ required solved
xp Simulation|Postsimula- & assistance .
flights |tion flights|By [0{By PI| By L[O| By PI By EO[By PI
Meudon/ 4 1 0 0 1 1 0 3 0
Groningen
QM 15 16 7 3 2 5 3 6 8
Southampton 4 3 2 0 2 3 1 4] 0
Ames 2 1 0 0 0 0 1 1
L JPL 4 16 0 1 0 1 0 4 14
Alaska J 4 3 3 0 2 1 0
Colorado 11 2 7 2 3 0 3 1 0
UNM 1 3 1 3 0 0 0 0 0
All 49 45 22 12 11 10 9 | 16 23
T
Percent 100 100 45 27 22 22 18 | 33 51




Thirteen errors are 1ot a large statistical sample, but it is instructive to point out certain
trends in their oceurrence. For example, they were about equally distributed among the EQs, and
oceurred in similar numbers on »rimary and secondary experiments. Nine of the 13, and all of the
five serivus errors were assoctated with the operation of the grouped experiments, suggesting that
a multiplicity of operational goals is considerably more distracting than the operation of one com-
plex experiment with several centrally directed peripheral activities,

With few exceptions, errors occurred the first time an EO operated an experiment in flipht.
Subsequently, and always on their primary experiments, the EOs were in command of the situation.
This same observation has been made For other ASO tlight programs. Experimenters who periodi-
cally fiy the same experiment on the ASO Lear Jet have commented that they must do a certain
amount of relearning of inflight operational techniques with each repeat of their mission cycle,
particularly if the time between missions is more than a lew months,

O Interactions

The plan to have only three EQs directly involved in experiment operation at any one time
was largely successful. Interactions among EQs on duly were not precluded by mission puidelines,
and a helpful working relationship developed during the simulation period. On the other hand,
interactions with the off-duty EO (except verbally) were at first prohibited and then later aliowed,
to the extent of simulating the one hour overlap planned for Spacelab,

During the rirst simulation Hight, when cach experiment was being operated by its primary
EQ, there was little need for EO consultation, On subsequent flights, however, when one or more
experiments were being operated by secondary EQs, there was considerable interaction among all
EOs, including the off-duty EO who had little else to do. As the simulation mission progressed,
the EQs began to operate more as g four-man team than as three FOs and a backup, and unsolicited
help was frequently offered,

Details of EO interactions are given in figure A-15, The rectangles above the time axis indicate
experiment operation, including data collection as well as interruptions for troubleshiooting and
repairs, Breaks in the operating period indicate a standby condition for an experiment. Blocks
below the time axis indicate interactions widy the operator cited.

During flight 5 (fig A-15(2)). all experiments were operated by prime EQOs, There was no
notable interaction. Operator D (off duty) did some troubleshooting of Ames equipment at the
Meudon/Groningen station but gave the prime EO no specific assistance,

Late in flight 6 operator C, scheduled t~ operate QMC/SH/NM on flight 5, obtained several
minutes of verbal instruction {rom the prime EO (B). Again operator A ran his experimental equip-
ment without assistance. Operator ¢ provided considerable assistance to operator D, principaily
in connection with the Colorado/Alaska guide optics {lack boresight) and target acquisition (poor
method in bright sky).

In flight 7 operator B helped C turn on SH (hic probably would have had difficulties without
this aid), Operator 3 checked later and found that the SH tape recorder was set wrong, and he
again aided in rightung the situation. On this flight, operator A could have used some assistance in
troubleshooting. but no one knew the system well enough to aid him. Operator D (ol! duty)
mounted part of the JPL experiment lor B just alter takeolt: subsequently. he gave liberally of his
time throughout the flight. The aid provided operator B by operator [3, beginning at approximately
0018 hours, was in indentilying the star field of 7-Scorpio and attempting to guide on it. Operator
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was busy elsewhere, but he too assisted operator B brictly an seversl occasions, primarily on
giide optivs i target acquisition,

The oft-duty BO (B on tTight ¥ t1ig A-1S0dn spent very little o) his time in the rear of the
aireratt. He first mounted a portion of the IPL experiment Gapproved by The NASA/ESA Panel to
liglhten the TO turn-on workloady then donated penerously o his time to operator A, The two long
Blocks of time alter 2300 hours involved the repair ol the QMO strip chart recorder and its reinstal-
fation on the equipment rack, Operators B and A (printarily the latten) dingnosed the QMO EMI
probem during the tlight. Qperator B aid atter touchdown wus to let helium gas into the system,
Operator A, with three nights of experience. aided operator 1) in turning on the Meudon telescope
and brietly consulted with him Later in the ight. At approximately 2333 and 2339 operator B
aided operatar C in troubleshooting JPL,

QMC had strip chart problems again during Might 9. Operator A lwelped operator B owith thi
problem unul approximately 2057, when Venus moved out of the telescope windos. at which
point operators B and A patehied a strip chart fiom the Ames station fused to record areraft roll)
into the QMO experiment, about 20 teet away, Operator A again assisted operator 1) briefly during
Venus acquisition, Alfter operator D finished operating tne Ames experiment (the only scheduled
turget was Venusy, e spent about a hall hour tioubleshooting the JPL experiment. This v apeririont
never worked well, and all people who had to operate it tried to diagnose its problems as time
allowed.

LO mteracdon times are stunmarized in lfigure A-10 and conpared with experiment operating
time {average) wid flight time. A (rend toward increasing mutual assislimcee was observed as the
LGs developed warking relationships tor effective hamdling of their secondary experiments. On
flight 8, the oft<duty operator spent more than one hour in troubleshooting and repdr on one of his
prime experiments, as mentioned ahove, while all the on duty 1Os assisted one anotlier for she =t
intervals, On tlight 9, all operators were ai their prime experiments and the need for interaction
with the oft<duty [0 was less, T shouwld be noted, however, that oo both these lights the total of
interiction times was about 10 pereent of the total of experiment operating times: this may re-
present a normal level of interaction for an expericnecd crew,

PI Commentary on Proxy Operation

FFollowing the simurauon period. each P was asked to provide a written evaluation of the
perforniance of the EOs wlhio had operated his experiment. In addition, interviews were held with
cach PLand LO to diseuss O performance. The interviews were conducted near the end of the
mission so that data quality could be taken into account. The evaluation forms called tor both
quaditative and guantitative responses (rom the Pls, including tine spent by the FQ in operating
the experimental equipnent versus the amount of time available to do so, and a subjective evalua-
tion reparding the quality of data obtained, It was intended that the PLevaluate the EOS accom-
plisiement relative to what the PTcould have accomplished under the same conditions.

Not all the Pls were able to provide sueh an evaluation. Their etforts were hindered by dilfi-
culty in determining the ratio of EO time operating their experiment o the time available, in-
sutticient processed data to allow an assessmtent of data quality, and in some cases, mallunctioning
ot experimental vauipment or degradation of its performance due to turbalence of the atmosphere
or excessive areratt roll, The following comments represent the best judgment of the responding Pis
at the close of the mission and are, necessarily, somewhat subjcetive, Available 1O observations are
included,
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It shotzid be noted that the EQs in particular felt any comparison among them or with the
Pls in terms of performance is signiticantly compromised by (1) the absence ol the Pls on the con-
fined Hghrs and therefore their inability to evaluate first hand the responses of the EOs to their
experimental requirements, including malfunctions, and working environment. (2) the availability
ol mere manpower to operate the experiments during the PI flights: (3) improvements in equipment
performance resulting [rom its operation and maintenance by the EOs in the aireraft environment
Juting the confined mission: and (&) the operational know-how gained during the confined mission.
These factors so signilicantly inflience the conditions under which the FEOs and Pis worked ibat a
direct comparison of dieir performarce in terms of data quantity and quality is impossible, Taken
together. in tact, i advantages inherent in PLexperiment operation, with the greater PI working
knowledge of their own experiments, imply superior overall performance by the EOs.

Meudon/Groningen

The PL acknowledged that his training of the prime O (A) was delayed by problems during
the premission period, However, he telt that the deliciency was made up by the hands-on training
at Ames betore the simulation period.

The PIs felt that O performance during simulation week was not nearly as pood as the Pls
would liave been. The [irst flight resulted in little data during the time the aircraft was on an aiv-
servational track. The second flight was very good. Farly in the third tlight, cooling was lost because
of insufticient coolant in the ory astat (or an excessive loss rate). During two of the PI data flights
following the simulation period npetator A acted as tracking operator, providing an opportuiity
for the PI to evaluate his work first hand (not possible for the other EQs), On these flights, EO
performance was rated by the PTas equal to his vwn, However, this rating is not directly ¢com-
parable to the EQ™s performance during the simulation peried, because three people v ~med
the same operations on the PI data flights as the EQ had done by himsell on the confir - s,

Queen Mary College

PI Comments. - A persistent RF interference problein kept the EOs from doing too much.
It took a number of flights before the problem was even identified by the secondary EQ). and the
P would have found it sooner, The Qs were about 50 percent as efficient as the P1 would have
been. Operation of this experiment requires that the display be monitored constantly, which is
not ~ossible il three experiements are to be operated by one man, The secondary EQ. operator A,
picked up on the RF interference quickly because he had flown before and recognized the sym)-
toms, The PIsaid that, because of his flying experience, operator A was better than either e or
oper-tor B, and that the Pl and B were about even

The data obtained by the LOs are satisfactory but will need considerable evaluation. Since
none of the EOs marked the strip chart recorder, the PEwill have to inspect the interferograms to
pick out spikes. instances of known noise, ete, This would not have been necessary if the PI had
been monitoring the squipment.,

There was no apparent difference in the performance of the three EQs, Operator B had the
most training on repairs. but all three had the same amount of operational training. Operator A
got many interferograms and he and C impressed the P with their abilities. C probably could not
have repaired a malfuncuon, but he operated the equipment very well,

It the PEhad it to do over again, he would make the experiment more reliable and easicr to
operate by one man, This would be far mare heneficial than more training or repair work. The PI
feels that the operators hould not be asked to make repairs,
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FO Comments,  The FO lost many interlerosrams because ADDAS went down many times.
The FO forgot to tum off all the switches severat times betore starting up and left ADDAS on. This
altected the number of interlerograms he got.

The EQ claims he could have used the LN, black body it the filling systeca had been properly
duwigncd.

The EO repaired the pen recorder once, but it broke again later, F.¢ noted that the proper tools
were not availabie on the aircraft,

Atter the fivst flight, the FO marked what he thought was necessary on the strip chart, and he
felt that il it wasn’t enough the PI should have told him what he wanted, This problem suggests a
deficiency in the premission [ight training period,

The EQ complained about ADDAS failures during his flights. He telt the binary display was no
help at all and that a chart recorder would have done as well.

On the fast flight, the spare chart recorder failed and the EO patched onto the Southampton
experiment, the New Mexico experiment and used a spare aircraft recorder to keep the equipment
going, The Pl wis not aware of this and the EO received no credit for doing it. Without operator B,
operator C would have had ¢ fculties obtaining data due to lack of training,

University ol Southu apton

Pl Comments. - All the data obtained by the various EOs, primarily airglow, were of excellent
quality, the only difference between EO and P in performance being the quantity ol data obtained,
The prime EQ (B) operated the experimental equipment on the {irst, second, and lil'th flights, and
e obtained 100 percent of the data feasible.

The EO on the third flight was operator ¢, who obtained 80 percent of the data feasible, Oper-
ator A, assigned to the fourth flight, obtained 100 percent of the data feasible.

No malfunctions occurred, so there was no opportunity to compare EQ and PI repair perfor-
mance. The PT stated that the equipnient was not laid out for case of fault-linding while in the air.
He was willing to make the following cstimates: Operator B had the most experience with the
equipment and was the best prepared of the EQs to make repairs. Operator A would have caught on
quickly because of his background and experience, but his ability to accomplish repairs was un-
known, Operator C had no training in trouble-shooting and repairs on this equipment (his secondary
experiment) and therefore probabiy would have had difficulty in making repairs had any bheen
needed,

Two EQ mistakes led to a loss »f data that the PI felt he could Love obtained,

For lack of time, the EOs were not able to reflect very much on the training material, The i
complained that he spent a month, at ESA insistence, writing up training procedures for equipment
that had yet to be built. Then, after the equipment was finished, the detailed procedures had to-be
rewritten.

For the tirst few days of the simulation, the EQs were under pressure and concentrated on get-

ting the equipment to work. After that, they started taking an interest in looking at the data, ma-
king plans for the next flight, etc,
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The P suggested that the FQs™ handwritten comments should be incorporated into a new mas-
ter instruction Hst,

[Q Comments. - Operator C asked the primary EO (B) for help in getting a picture on the TV
camera. The FO also gave operator C other tips on how to prepare the equipment,

The primury EO looked at the data alter the first flight and then lost interest because he didn't
see any structure. He became discouraged by the lack of results.

Without the assistance of the prime EO, operator C would have had difficulty obtaining data
on this (his secondary) experiment owing to his lack of training.

Ames Research Center

The ARC experimental equipment was operated only on the fourth and [ifth flight of the con-
lined period. While the prime EQ, operator D, was able to ebtain about 75 percent as much data as
was feasible in the allotted time, some data were poor. due to excessive aircralt roll during the
fourth flight. When the problem was overcome, the data quality improved to goad. During the fifth
{light, data quantity improved to 85 percent and thie quality was judged excellent by the P,

The mission PI himself had never operated the equipment belore, and had been nrovided only
a briel review by the original P1 concerning target acquisition, tracking, and calibration procedures.
He and operator D assembled the experiment, providing the EO with r nst of his training in the pro-
CUSS,

The mission PI felt that tive EO operated the equipment better than the original Pt could have
and that the EO was more capable and willing to make changes.

At the time ol the confined mission, the original P1 was attempting, without success, (0 ac-
guire the same target (1RC 10216) while tlying on the C-141 as the EO was able to obtain on the
CV-990., The EQ-obtained data will be used by the PI, Also, Venus duta obtained on the two aircraft
are being compared,

Jet Propulsion Laboratory

Pl Comntents. - Each EQ had specialized knowledge in one or two areas and in some cases
more than the PI, However, none had the across-the-board knowledge that was needed to operate
the experiment suceessfully, Operator B was better on RF interference and actually helped the PI
solve problems in this arca. But lie was not up on atmospheric molecular spectroscopy and. in some
cases, e could not determine which was spectra and which was noise, Operator ¢ was much better
on spectra, bur was less capable of operational changes to it the situation, while I was very adept
at picking up on star fields and the use of the telescope. In all cases, the PI felt that there was not
enough time to train anvone to operate the equipment properiy,

During the last 3-4 days ol the confined period, the PI cut down on the number of varjables
for the EQOs. e also felt that no one operator could possibly handle all tasks during periods of peak
activity, such as turning on all three experiments at tlie same time to train on a given target.

The PY estimated that the EQs performed at about 70-80 percent ol the Pl level, They did not

have the in-depth knowledge at the compaonent level to change “0z hoxes,” ete. In view of the
am-unt ol training he received, operator D performed much better than the PILexpected.
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The EOs hiefped prepare the training provedures by providing comments on the material that
thie PL tiest submitted. Qperator C contributed most to this eftort,

Because both TAOFs had problems with RF1 it is difficult to judge the EOs’ accomplishments.
Although both of the EOs had spectrometer experience, it was along the lines ot more classical in-
struments, whereas the TAOE was a new device approaching a “black box.” Therelore, their intui-
tion tor moditications and variations was limited, Qperator B3 seemed to feel at home with the elec-
tronics ard e coneept of the TAOF operation. Unfortunately, time did not allow any of the EOs
the opportunity (o really work with the instrument. With responsihiities lor three separate experi-
ments, all requiring detailed attention, the EO on duty did not have the time to concentrate on the
TAOY. In most cases it was turned on very late (in one case, approximately 1-1/2 hours after take-
ofth, and the operation mode was severely simplitied by the PI to accommodate an overloaded work
schiedile, Assuming ADDAS was property recording the data, the PT may be able to extract some
usetul wata was recorded, In most cases, however, the EQ documentation (of test paramefers) was
insufficient to restructure the events and conditions of a recording,

EO Comments. - The EO did not think the PI could tell noise Irtom spectra himself, because
of the poor equipment. In fact, the EQ thought everything was noise. Despite the lack of training
time, the EQ felt that the equipment was simple to operate and understand. It just didn’t work,

The displays were pointless, even after following the P guidelines. The P1 provided no criteria
for changing chopping frequency. ete. This experiment was discouraging to the EGQ because it never
operated properly, and he tended to concentrate on the other experiments that worked.

Alaska

The prime EO (C) operated the Alaska experiment on the Tirst, fourtl, and firth tlights, The
targets were generally Venus, scattered sunlight, O, Herzberg, and OH Meinel radiation, He ob-
tained between 80 and 100 percent of data feasible, and the data quality was divided fairly evenly
hetween fair and good,

Operator DD was the EO on the second Might. I obtained no data on Venus and 90 percent of
the duta feasible on the other target, nightglow OH, which was of fair quality.

Operator B wus the EO on the third flight, during which the targets were Venus, nightglow O, .
nightglow 5517, and nightglow OH. No data were obtained on OH. Essentially 100 percent of data
feasible was acquired on nightglow Q4 (Tair quality) and on nightglow 5517 (good quality). Good
data were obtained on Venus, but only about 40 percent as much as feasible,

In ail cases, the quality and amount of hard-copy data were less than the Pl obtained. Operator
C did quite well and improved as the mission went on, The other EQs learned Irom him after his
first flight. One EO did not change the amplitude setting when Ire should have, so it is very difticult
to pick out the signal, The other data will be needed before results from that Mlight can be evaluat-
ed,

The O contributions to the written procedures provided the PL with an indication that they
konew what was going on.

University of Colorado

The primary FO operated the Colorado experiment on the [irst, fourth, and fifth flights of the
conlined mission. He obtained between 80 and 85 percent of data {easible, and the quality was
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pood when the target was Venus, dropping to fair when the target was Alpha Virginis (much fainter)
on the fourth flight.

Operator D was assigned to the Colorado experiment on the second contined flight. He ob-
tained about 25 percent as much data as feasible, viewing Venus (Fair data quality} and sky back-
ground (poor quality).

Operator B operated the Colorado experiment on the third conlined flight, obtaining about
K0 pereent as mueh data as feasible viewing Venus. The data were rated lair,

All the FOs did a goad job. C did the best job even though the display unit wasn’t operating
during his teur. D forgot to turn on the tracker switch one night, which cost about 1/2 hour of
data. 1t took hing ionger than the others to restart the instrument and e had to restart it several
times,

Due to the lack of EQ tiaining time, the Pl limited equipment operations to only two varia-
bles, which the EOs handled well. Many other variables would have been used, however, had the PI
operated the experiment.

The only real malfunction that occurred was a loose wire in the spectrometer itsell. This could
otly be repaired in a sterile atmosphere, snd the PI had to do it on the ground, The Pl commended
operators B and D for locating a blown fuse in the power supply that went out due to an aircraft
power surge, The fuse was well hidden, and the fault had never occurred before, The PEactually had
to call an engineer back at Colorado 1o diagnose the trouble, but by that time, the EOs haa reme-
died it.

Operator D had relatively little time o s the equipnent and was generally outperformed by
operators B and C. Some of the FO obsers ey + of Spica were made at a different angle than any
that the PI had ever made, Operators B and D «lso made good ohservations of Venus, and obtained
some useful data.

The PI felt that the operational training was sufficient for the time allotted to him on the
Alaska telescope. There were too many tiaings that could have gone wrong for malfunction training
to have been adequate, Operator C provided considerable heln with the training procedures and did
some of the writing.

University of New Mexico

The primary EQ (B) operated the New Mexico experiment on the first, second, and fifth con-
lined flights, He obtained between 90 and 100 percent as much data as waa feasible, and the data
was excellent, Operator C worked the experiment on the third flight, obtaining the same results,
quantitatively and qualitatively. as the prime EO. Qperator A, assigned to the fourth flight, abtain-
ed the same results us the two other EQs, The Pls were pleased with the data obtained by the FOs
and will be able to write a scientific article based on it.

Operator B had some problems the first night, but the Pls would have had them also, and the
EQ could not be faulted. Ahout 4 percent of one night's data was lost beecause operator C had dil-
ficulty reloading a strip chart recorder pen.

Accommodations made for the EQs were:
1. Observations were contined to the camera station on the lef( side ol the aireraft; the ai-

ternate station on the right side was not used.
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2. An angle iron was used to align the movie camera with the image tube.
3. Dials were fastened down to set positions for camerit focus,

No real malfunctions oceurred, but operator B probably could have made any necessary re-
pairs, sinee hie was the best trained. When the other EOs had trouble loading the cameras. ete., they
went to him for help,

The PIs felt the training material was adequate and benetited by the FO comments made be-
fore the contined period began,

PERFORMANCE EVALUATION

[0 performance compared favorably with that of the Pls, despite much lower manpower load-
ings and the constraints associated with certain major experiment elements. [t remains to establish
relationships among the premission factors that could be indicators ot performance  background
experience, training experience, and operator proliciency ratings.

Operator proficiencies were shown earlier (fig. A-9) to be roughly comparable, in the opinion
of the Pls, with primary assignments at or near the target level of 8 (well understood) and with sec-
ondury assignments at the adequate level (5), These were in geperal agreement with 1 training

guidelines for operator capability, namely, operation and maintenance ol primary « nents, and
only normal operation of secondary experiments, With this in mind, figwre A-17 ¢ - 5 EO per-

formance in ight against premission proficiency ratings, both the data quality fac .o srsus a com-
posite operations rating {from table A-4) and EOQ inflight problem response versus a composite
maintenance rating, The data do not show any particular trends when plotted in this manner: data
quality varies widely at the same proficiency rating. while problem response is retutively indepen-
dent of rating. Thus, by itsell, the premission evaluation of readiness by the PLwas not a clear indi-
cator of operator performance, except pethaps in a qualitative sense to indicate P1 confidence in the
EQ’s capability. :

O Training and Performance

Inflight Problem Response

Consider now the relationship between operator training experience and in-nrission pertos-
mance, Figure A-18 compares operator performance in terms of inflight problem response with the
number of training hours, by assignment. The three “learning curves” approximate the improve-
ment with hours ol training. [t appears that the EOs developed to about the 90 percent level of re-
sponse to inflight problems wiih about 30 hours of maintenance training (data plotted), 75 hours of
hands-on training, and 150 hours of total training. Operator B's below-average performance on his
primary experiments is largely due to events on the first simulatiop fight. where his effectiveness
was reduced by u lack of familiarity wilth the environment (no (light research experience prior 1o
ASSESS).

By way of comparison, the operator training experience in one previous ASSESS mission on
the ARC Lear Jet aireraft (ref. 2) is shown. with the presen® results, in the block on ligure A-18.
The combined time for the two proxy operators of a single complex experiment is roughly compar-
able to ASSESS T times, and was tound adequate for normal experiment operation, but less than
suffictent for maintenance and repair, Apparently neither operator had suffictent depth of training
(roughly haif the time shown) to be Tully qualified,
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Data Quality Factor

Figure A-19 shows the relationship between operator training timw asd intlight performance in
terms of the quality of data acquired. No significant trend is indicated, on the basis of EO assign-
ment; operators with about 1G0 hours did as well ¢ s those with twe or three times as much training.
There is, however, a notable difference between experiments, somewhat along the same lines noted
earlier those observing astronomical targets and those viewing in an all-sky mode. Here the latier
were operated with signilicantly better results, regardless of the amount of operator training with
no target acquisition requirenients, the operator’s task was much simpler.

Experiments then were ranked in order by five factors that could impact EO pertormancee
automation, complexity, readiness, design constraints, and malfunction severity (as observe.d during
the mission). The results are shown in table A-11. A composite factor including three of these five
factors was used as the independent variable in figure A-20, where u significant increase ol data
quality oceurs as experiment operation becomes less difficult, In brief, it is apparent that EO perfor-
mance was dependent on overall experiment design, both the physical equipment and the opera-
tional procedures. Thus, in the context of present results, operator training to the extent pra-ticed
here is not sulficient to assure good science; the experiment itsell must be brought to a level ol de-
velopment compatible with the research environment.,

EQ Real-Time Expericence

Operator performance on individual experiments {or each simulation flight (fig. A-21) illus-
trates improvements made as the result of real-time experience during the mission. Presimulation
training hours, overall EO performance (data quality factor), and pe  ission PI performance are
shown lor comparison. Figure A-21(a) - (d) indicates notable improvement was shown by EQs of
the more difficult experiments as the mission progressed, while those on the less difficult experi-
ments generally stayed at their initial high level of performance, In a few cases, for example Meu-
don, JPL, and QMC, performance dropped on later flights when equipment problems surfaced.

The best example of EQ improvement is the Alaska experiment, where the primary operator
made remarkable progress on his own, At tlie same time hie was also improving on the campanion
experiments in his assigned group, JPL and Colorado. Lven so, it took some 65 hours of work, of
which 14 were in actual operation, to achieve something like the full seience potential of these three
experiments, This clearly shows the penalty that may be incurred on a short mission if the experi-
ment preparation and operator training tasks are not fully implemented.

Two other points should be noted here. First, in four of the eight experiments the primary op-
erator did not do as well on his {irst solo flight as during the wraining tlight: on two his performance
wis the same, and on two it was beiter. This makes thie point lor a better exercise of interrated pay-
load training, Second, in 11 of 12 comparisons scecondary L'Os did as well or better on their one
flight experience than the corresponding primary operator on his first try, This is a strong indica-
tion of experience carryover [rom primary to secondary roles,

EO performance on the more difficult experiments, those on the lower line of fizure A-19, is
summarized in Ligure A-22, A distinet improvement was observed in quality of scientilic results as
the mission progressed, and with few exceptions the EQs attained the average level of PI perfor
manee in postsimulation flights on this group of experrments, 1t is fair to say that almost all of this
improvement was in BO ability to cope with the experiments, rather than in hardware changes that
simplificd the operation. To the extent that such experience could be acquired before flight, the sci-
entilic return {rom such a relatively short mission might be substantially upgraded.
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TABLE A-l. EXPERIMENT RELATED FACTORS THAT CAN IMPACT EO PERFORMANCE

Experiment Ranking Factors* W
T ] Functiona Operating ' Demonstratedﬁm, _I’x—lﬁa——mﬁﬁua—oﬁ_
Automation | Complexity Readiness Constraints Severity
Experiment | = Low 1 = High ] = Low | = High 1 = High
8 = High 8=low % = High 8= Low & = Low
Meu/Gron. 7 ] 8 2 5
QM | 2 6 i
SH 3 7 6 8 7
Ames 2 ¢} 2 ‘ 7 3
JPL 4 4 l ! ] §
Alaska 5 3 3 4 2
Colo. 8 S 4 3 4
NM 6 8 7 5 M
e A B E
D ® © @ ®
£a) Ranking by Individual Factors
e _ S
Composite Rankings
All Factors (Ave.) Factors 2.4.5 (Avg)
-‘E—x pmt, Ratingwm _’—I“ixpmt. o ‘ﬁiathl_ngu
U RS ] JU N VSR
JPL 2.2 JPL 2.0 « Least
Alaska 34 Meu/Gron, 2.7 Favorable Rating
Ames 4.0 Alaska 3.0
QMC 4.0 Colo. 4.0
Meu/Gron. 4.6 QMC 4.7
Colo. 4.8 Ames 5.3
SH 0.2 UNM 7.6
NM 6.8 U. of S, 7.3 ~ Most
L L ~~~~~ N B _L 3 [Favorabie Rating

(by Composite Rankings ¥ - Order of Benefit to BO
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TABLE A-ll.

{Concluded,

s e i e i e OO
Rating of Fxperiment Groups
Primary Assignment Secondary Assignment
EO All Factors Factor All FFactors Factor
Factors 2.4.5 5 Factors 2.4,5 5
B 5.7 6.1 7.0 35 3.3 2.3
A 4.6 4.7 5.0 5.7 6.1 7.0
o - SRR Eha - g
C 3.5 3.3 2.3 5.7 0.1 7.0
D 4.0 53 3.0 3.5 . 33 2.3
- . S S SR

(¢} Experiment Ratings by I'0O Assignment

* Definition of Ranking Factors:

ONCNONORS
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DATA QUALITY FACTOR BY EXPERIMENT
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Operator Lxperience Profile

The experiment operators tor the Joint Mission had prior experienc, o related scientific
pursiits that ranged rom about 3 to 17 years, as summarized briefly in table A-12. Mission planners
allowed more training time tor the least experienced operator (B), but did not really differentiate
amtong the other three. As it tened out, operator B participated in the development of one experi-
ment (helore the oiticial start of training) and carried out the scheduled training program on his (ull
assignment. Tor g total of 640 hiours, Cand D, on the other hand, started very fate in the training
period and For g number of reasons had 1ess than the scheduled time at the home laboratories,
Operator 1 in particular had only briel exposure to one experiment prior to onssite integration, and
a total of 240 hours,

Table A-13 summatizes EO performance on an individual basis, and thea compares their
records on the same experiment, For example, operator C was comparerd with 12 EO/experiment
combinations; on his tirst tlight on a given experiment he achieved better data in one case, ad
eausl or better data in 7 cases than did other EOs on the same assignment, By cowbining the
indicated Tour columns into @ composite perfornumnee parameter, and using the experience and
training data from table A-12, 4 purametric relationship, as in figure A-23, can be derived. This
relationship is of course unique to the the present situation and at best i first indication of the
refative importanee of background experience and specific training, Tentatively, it appears that
exprericnce covers g 400-hour training increment, and that some 600 to 700 hours are required to
develop a tally qualitied aperator who has had only a few years of research expericnce,

O Evaluation of the Qperating Invironment

MSEC observers during the Joint ASSESS Mission distributed two separate questionnaries to
the EQs, One (Enviromnental Supportivencess Scale) was developed Tor use with personne] under-
going simuliated missicns in g MSEC Lucility. In geaeral. this questionnaire coneerns physical aspects
ot the simulation. Table A-14 summarizes the replies from three of the EQs,

None of the three EOs reporting tfolt very strongly about living and working conditions in the
CV-990. None felt any aspect of the environment was superlative, One felt the lighting was very
poor in most areas and another complained excessive aircraft noise in the torward end. These two
observations were the only extrene ratings,

As the Joint Mission was the first of its kind, it is not possibde to muake comparisons between
1wo or more missions to which 4 recpondent may have been exposed. This lactor undoubtedly
detracts from the objectivity of ilie responses indicated in table A-14,

A second questionnaire (ASSESS CV-990 Crew Questionnaire) was prepared specitically for
the Joint Mission, (table A-15), In general, the three responding Qs confirmed the ratings of the
previous questionnaire, They were pleased with quality of support and the supporiing persannel.
Suggestions were oltered for fmprovements in the arrangement ol experiment modules in the rack,
provisions lor handling crvogenics, and improved PI support of secondary FOs, Experiment pre-
paration was judeed lasty and incomnlete, The workbenell and tool kit were constdered adequate,
although some missing supplies and tools were noted. Additional automation of some experiments
weie felt to be in order, varticuturly ot the QMC experiment.

The FOs felt that ~o0 > major functions were not accomplished as planned but that they were
reasonably welf equipped to make procedural-chiange decisions, particularly with respect to theit
prime experiments, Regarding training, the 1Os felt they understood the expertiment but T in-
sultrcient opportunity to operate the experiment before the simulation period. Oy erating pro-
cedures were considered senerally satistuctory,
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TABLE A-12.

SUMMARY OF OPERATOR EXPERIENCE

e e - e
Premission Experience Total
EO Post-Grad Research Flight lF—Othcr Yis, of Hours of
Education in Field Research Related Experiencs Training
j}. —— -,{L_,___._ Y SR SN S S RO [
A 4 yrs. Jyrs Flight 6 yrs 13 375
PhD. Mission (1)
Y D D S S S
B 2 yrs, <lyr Sounding —mmeen < 3 640
PhD. Racket (1)
Candidate
i S B ek _
C Syrs 8 yrs Flight —— 13 3x0
P, Mission (2)
Sounding
Rocket (2)
R — . B S S R
D 4yrs, Syrs, Apollo & 8 yrs. i7 240
PLD. Skyiab
Prograts
Flight
Mission (1} ’
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TABLE A-14.

Subject

Overall Suitability

Research Operations

Human Comfort

b ———

*Rating Scale:
5 = superlative
4 = very good
3 = average
2 = poor
= very poor

[tem

[nterest in Tasks

Quality of Support

Relative to Other
Areas Used

Supplies (GFLE)

General Equip, (GFE)
Internal Communications
Maintenance Lquip,
Stowage Fuacilities
[ixperiment Equip,
Working Space

Physical Layout

LExternal Communications
Lighting

Trash Management
Odor Control
Noise Level
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Avg,
Rating*

3.7
3.3
3.3
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Comparison
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Below Avg,
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TABLE A-15.- CREW QUESTIONNAIRE

OPERATOR A

OPERATOR B

]

OPERATOR C

1. Was the CV-990 layout satis-
factory? Explain.

20 Was the Mission’Manapger Op-
erations  team support  ade-
Jquate? Explain.

‘9a

. Detine yvour major logistics
problems during mission pre-
paration and operation. How
Jdid vou resolve them?

4. Were you permitted sufficient
participation during the pre-

paratien hase prior to the
atissik Explain.
5. Detine any  cquipmert that

vou dide't include but which
would have been useful.

6. Was communication external
to the V9% adequate?
Fxplain.

Reasonable within limits of ex-
periments.  Qceasional  times
when cabin oo crowded.

Manager very good. Team ade-
quate, with a few wrinkles. Dur-
ing night de-briefings were not
vigorously enough conducied.

Organization of crvogenics and
use of cryvogenic detectors. Re-
solved by sransferring helium
cle.  on ramp outside aircra.d,
bt not a satisfactory solution.,

In general NO. The relatively
short lead time meant that Pls
were too preaccupied with cha-
nges ta et EOQs have a lavge sav.

Crveeonic detector with cooling
ar.” pumping capability.

Basically ves. but it might have
heen useful to have more mde-
pendent channels. ene connect-
ed to cach experiment focation
tthis may not have been a proner
simulation, howeveri.

No. The equipinent was awk-
ward to use becanse of its height
and the forward cor backward
facing of the gear often obscured
viewing of essential chart recor-
ders or scopes. The separate a-
reas foo each experiment made
wearing a odset difficult.

With regard to Preparation/Ex-
planation of flight paths, respon-
sibility for aircraft systems and
safety, organization of support,
e.g. cryogenics, the support was
muore than adequate.

No comment.

Puring the preparation | kad e-
nough cpportunity for participa-
tion in the prime experiments.
There was not epough time to
get too involved with my secon-
darv experiments.

No comment.

For alf that rranspired, ves. The
conumunication wasn't used to
its Timyit as it could have been for
4 MAjOr repar.

Yes, except for minor inconven-
iences, such as having 1o switch
headset connection when going
from station to station and the
inadegurate curtaining off of the
separale experiments.

Yes,

Major dirs v was adequat~ly
interfaciy with Pls of bach:. »
experiment. Overcome by 1ehy-
ing on EOQ-EQ interchange of
information.

Prime experiments, mostiv ves.
Buckup, some no.

Wire. List of specific fuses by in-
strument, and fuse selection by
instrument would have speeded
replacement.

Yes,

s - b —pm—
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QULESTION

Tobd ovou utilize the work
hench and ool Kit? Would
vou  reconmend  additionsl

capathility? Explain.

X Would vou recomniend more
autoniation of  the  experi-
ments? Which oues? Explain.

9. Describe all major functions
planned but nat accomplish-
ed amd tell why they were not
wccomplishied.

TABLL A-15.-- (Continued).

OPERATOR A

OPERATOR B

Yes. A complete Kit of clectri-
val fuses  for all equipment
should form a rart of the tool
area.

Queen Mary College: Automute
starting. reversing, and initiation
of scans. Bring all controls to
One major consvle.

New Mexico: Simplified loading
of films. All ¢ontrols to visible
heights.

Southampton: Control panels at
more avcessible heights and posi-
tions.

Meudon; Groningen: More cen-
teglization of controls. Active
on-line use of romputer to set
parameters as well as to log
them,

All experiments: Abolish chart
recorders using ok _pens. Use
modular  and  plug-in cassetie
type loading of all data recor-
ders.

Mapping oty Ophtucli was onky
dome tor 20 min. on one niglt
instead for T howr on three
nights. Nights T and 2 were cut
off by adreratt pooblems and
night 3 by 1 crvogenic problem.

Yes: the work bench was excel-
lent.  Additional  capabitity
no {except one small Allen key I
needed was not incluaded).

I don’i think more aatomation is
needed, just careful evaluation
of the time available 1o the 1O
to do the allotted tisks, ec.
he (she) shouldn't have -« “etarn
1o a piece of equipme ¥ at » cri-
tical time just to 1urn it ofy.

Insutiicient tine was allowed for
review of the Southampton date
in hetween tlights.

New Mexice: Duaring the thight
they had planned to move the
A3aum caraera from a mount on
one side of the aireralt 1o a sim-
ilar mourt on the other side.
This was too ambitious for one
peison doing three experiments,
OMC: Their requirements simpli-
fied continua up 1o the time
of the confined mission. This
muostly due e the plane not tly-

S S

[ S

OPERATOR (
Yes, I atbized the work boeneh
and toob kit No additional capu-
city recommended based on ex-
perience in these flights.

QMO would. with snall expendi-
ture, have the nterferometer
mirror scan lerminated by g wi-
croswitch. This would bave al-
fowed much greater ©Q) titne
Hexibility on the airplow expern-
ments.

Al accomplished, but nime line
wmetimes shpped due 1004 pro-
hlem with one instrament which
nright delay inte acton with the
othery,
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TABLE A-I5.— (Continued)

QUESTION

OPERATOR A

OPERATOR B

OPERATOR C

9, (Cont.)

10. How easy was it for you to
make real-time procedural
changes?

11. Do you consider your sup-
port sysiems training to be
adequate? Communications,
power cistribution, cryogen-
ics, ADDAS. Discuss each
orie.

12. Do you consider your exper-
iment systems training ade-
quate? Discuss cach experi-
ment.

Fairly 2asy to change fifters and
apertures as well as all standard
mapping parameters. Easy to
change astronomical objective
only il an adequate star char
had been already provided (it
was on all occasions).

Communications on board gave
little {rouble, though times to
each turn were not always an-
nounced. Training was short and
QK. Power distribution gave no
troubles. Training OK. Crvogen-
ics gave problems, but totally
unrelated to any training hang-
up. ADDAS downtimes were a
nuisance, but not training-rela-
ted.

Meudon/Groningen: Too shori.
Much ol practical Tamiliarization
on first EO Aight.

Southampten: Too short, but
system gave no trouble in pra-
ctice.

ing above the tropopause which
meant a limb-scanning technique
was not applicable. Also pro-
posed was some selection of sta-
bilized mirror angle to optimize
a signal to noise — as indicated
by the on-board Fourier trans-
form, This was dropped because
of the difficulty in obtaining
good noiseless interferograms,
and the extra time it would take
the EO with the changing extei-
nal environment.

With the equipment and objec-
tives tho _aghly understood and
the guidelines for any decisions
clearly  outlined, any changes
were not difficult - once used
to working in the airctalt envir-
onment.

Communications: yes. Ames
responsibility and no training
was necessary. Power distribu-
tion: yes ADDAS: yes. Exper-
imenter training was adequate,
Cryagenics: yes.

For my primary and secondary
experiments | had visited the
PI’s institutes and studied in as
much detail as possible {given
the time and material available)
the theory behind the experi-

Prime: yes. Backup: required de-
cisions which may not have been
best.

Communications: yes. Power:
yes. Cryogemwes: no. ADDAS:
N/A.

JPL, Alaska,
Mexico: Yes.
Southampton: Yes, but hmited
timie available for practice.
OMC: No.
Meudon/Groningen/Ames: N/A

Colorado, New
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TABLE A-5.

{Continued).

OUESTION

OFERATOR A

OPLRATOR B

OPERATORC

I2.(Cont.}

13. Did you feel a nzed lor more
indoctrination {or the experi-
meuts you did not operate?

I4. Were experiment operating
procedures  adequate?  Was
there foo muc., or too little
detail? Discuss each experi-
ment.

QMC: Too short, but sysiem
worked reasonably well.
New Mexico: Very short, bat

adequate.

No.

Procedures  weie  very  good.
They were worked out by EQOs
in close colluboration with Pls.
Some more detail is needed for a
back-up EQ than for a prime
EO.

ment and the design of the equi-
pment and the electronics ased.
For the primary experiments. by
confinement | had seceived sutfi-
cient “‘hands-on™ training, but
for the secondary ones, in be-
tween visiting the Pls and the
mission the equipment changed
in several details and 1 had insuf-
ficient “hands-on™ to become fa-
miliar with all the changes. For
the problems that arose, my trai-
ning was possibly more than ade-
quate.  Any ore  problems
might have tested the thorough-
ness of the training.

No, as [ was familiar wi:h all the
experiments.

Southampton: Television: 1 felt
familsar epough with the equip-
ment not to need 1o procedures
duging operation. The proce-
dures layout wnade it difficult to
use quickly. Photometer: Level
OK. Nikon: Too much detail
eg. the instructions for mount-
ing the camera i the zenith win-
dow.

New Mexico: This procedure
was very accurate, which it need-
ed to be so as not to forget any
of the many small steps. or dam-
age the equipment. Difficult 1o
use for hurried reference.

OMC: { liked the level of this
procedure, It assumed that the
operatar was familiar with the e-

No. although more might have
heen useful.

JPL, Alaska, Colorado: Ade-
quate, as I wrote much of it with
the Pls.

New Mexicu: Very good.
Southampton: Good.

OMC: Inadeguacies noted:.e.g.
some procedueres told what to
do, but not how to do it.
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TABLE A-15.— (Continued).

QUESTION

OPERATOR A

OPERATOR B

OPERATOR C

14, (Cont))

15. Did the experimenter’s refer-
ence material provide you
with all the information you
needed? Where was it weak?

16. Were there any onboard fun-
ctions that shoul * have been
conducted by non-research
personnel?

17. If you were going to partici-
pate as an EO on a future
mission, having been through
a CV-990 simulation, what

would you do differently?

In general this material was very
good. Much technical informa-
tion was available in considera-
ble depth. It was, however, hard
to translate the information into
practical terms. We had to pres-
sure to get photographs of pan-
els with correct settings, in crder
to learn at location. Other than
that of PI, often these were not
available.

You should try asking techni-
cians instead of scientists to run
the whole system. They may
turn out to be better EQs.

Demand more automation, and
more inputs generally at an ear-
lier stage of Pls planning. This
could eliminate poor chart re-
corders and other trivial but

nuipnient and was a very useful
checklist to help organize the
operator’s time and avoid omis-
sions.

Alaska: Accurate, well laid out,
quick to use,

Colosado: Very clear, and casy
to refer to in a hurry. with the
right amount of explanation
with each instruction to enable
manipulation of the sequence if
the need arose.

JPL: OK. Enough details for air-
glow operation.

Not really tested because of the
nature of the problems that
arose,

The majority of the preflight
preparation time was taken up in
changing films, loading tapes.
cleaning and changing chart ie-
corders etc. - which took time
away from repairs or reviewing
data.

Carefully arrange the timing of a
visit to the PI's institute. when
the equipment to be used was all
present but not finally assem-
bled so that the [:0 could parti-

Not extensively consulted.

No comment.

Require exposure to all expert-
ments to be operated before the
installation phase.
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TABLE A-15.— (Contiiued).

QUESTION

OPERATOR A

OPERATOR B

OPERATORC

17.¢Cont.)

18. Listed below are several pro-
blem areas you may have cn-
countered. Please review the
list and place the problems in
rank order (1 for your most
severe problems etc.} as they
affecied you. Feel free to list
any others if necessary.

a. Design of experiment
workstation

b. Mission/Manager/Mission
Operations support

¢. Presimulation experiment
integration

d. Support systems fraining

¢. On-board personnel intes-
actions

f. On-board/external scienti-
fic communications

g. Real-time systems tlexibil-
ity

time-consuming chores.

13

il

cipate in the last stages of trou-
bleshooting. Arrange the dusa-
tion of the stay to just include
enough time to complete any
background study of the theory
behind the experiment and the
equipment. Discuss with the PI
any changes in equipment design
which would make operation
more efficient. Have more final
“hands-on™ training.

t2

13

11
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TABLE A-15.— (Concluded).

QUESTION OPERATOR A OPERATOR B OPERATORC
. Light levels 9 3
1. Noise levels 7 1
J. Habitart vibrations I 8
k. Experiment training 2 5
1. CV.990 layout 3 6
m. Maintenance capability 4 7




GENERAL O OBSERVATIONS FOLLOWING THE MISSION
Following is a summary of EQ comments and conclusions regarding their experiences on the
confined mission. These remarks cover a variety of subjects, some of which, are specific to each
EQ's experiment responsibilities,

Operator A

System Qperation

On the first (light of the confined mission, operator A found that it was tully possible to
operate the Meudon/Groningen experiment in flight and obtain data, The system acquired the
planet Venus immediately and recorded good, if weak, signals in all infrared channels, It was much
harder to hold the faint stats in the lield of § Cephi (the second object chosen), and just as the
aireraft was turning out to the M-17 leg, oil pressut » failure in one engine caused an abortive end to
observations,

During the following day, operator A achieved an improvemen® in his acquisition procedure as
i result of intercom discussions with 4 member of the Meudon experimenter team, On the second
flight, having acquired Venus, he was able to acquire S Cephi much more easily and made scans,
The sources M-17 and p Oph were also acquired and mapped successiully in more than one IR
wavelength band. However, the p Oph measurements were again curtailed by engine problems,

As a result of a leak of air through a faulty teflon gasket seal on the third {light, the operator
was unable to pump sufdiciently on the detector cryogen. Signals were low at the beginning of the
run, and eventually went to zero as the helium became exhatisted from the detector dewar,

On the fourth {light of the coniined period, operator A was assigned to his backup experi-
ments  the New Mexico/Queen Mary College/Southampton group, e found that the main
problems were in the setting up rather than operation. Many laboratory chart recorders were
used, and sensitive infrared fitm had to be loaded into two cameras, However, observations went
well, and he was able to identify the main noise source in the QMC system - RF pickup — which
occurred whenever the pilot-ground radio link was in use, It was not as dilficult to keep these seven
individual airglow instruments going as it had been lTor one man to operate the single telescope
system plus cryogenic detectors. The prime airglow experiment operator (B) provided operator A
with some useful training during the confined week.

During his one permitted hour on duty en the lifth flight operator A was able to render
assistance, chiefly to operator B,

EO Qualilications

Operator A’s basic conclusion [rom his experience on the conlined flights is that an EQ can
operate compleX scientific equipment and obtain data under the conditions imposed on this
mission, and by implication could do so on Spacelab, In order Lo operate successfully, however, an
20 should not become teo tired. When alert, he can spot faults and errors, correct them more
quickly, and make better scientific as well as technical judgments. Naturally, hie is also less inclined
to make lis own errors.

Further, a single EQ, trained to operate experiments in this way, can do lar better than i single
PI could do on his own. The EQ must operate partly as PI but more as a highly skilled technician
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and engineer, o job most Pls are not used to. He noted that PIs on this mission  and on all others
operate s leaders of teams, and are not necessarily the best-equipped team members for hands-on
operation of equipment,

Automation

To lacilitate a smooth run for the EO, the experiments must be as well automated as possible,
Automation does not necessarily mean a great deal of expense, For example, a single reversing
nticroswiteh would have taken most of the labor out of operating the QMC experiment. In the
present set of experiments, hours of preparation every day could have been saved by the use of
cassette type recorder for all kinds of data records, including audio and video tapes, films, and
above all paper charts.

Operator A stressed that the standardization ol recording vquipment, and the use of simplified
clip-in/pull-out cassettes for every kind of data-acquisition medium would be a Spacelab invest-
ment that would pay for itsell in cost effectiveness of Shuttle time many hundreds of times over,
Simple push-in/pull-out module designs are available for some of these devices, and for the rest,
the Spacelab program should pursue their aequisition vigorously, It should be possible to test out
such systems during future simulation experiments in aircraft.

Support Systems

Of the ancillary systems, the interc n link was certainly effective, and should need littie if
any augmentation on a real flight, Workbench facilities were good. Only one significant item was
missing when needed: a set of European-sized G-amp fuses, whiclh failed on the Groningen experi-
ment following failure of an aircraft converter,

Participant Morale

Onperator A felt that a highly significant factor in the relative success ol the confined mission
wis the excellent personal morale of the EO team under the benign guidance of the Mission
Manager, Not only did he do his job very well indeed but his constan: ronsideration for the general
personal needs of the EOs was remarkable. Further, he noted that pe.sonal relationships among
the EQs were excellent, with every expected support coming {rom one to another. This morale
factor, although not easy to quantily, must be strongly encouraged for Spacelab operations. It
would be disastrous to allow a spirit of competition or worse, sourness, to arise among a trainee
rew. To some extent, the hostile experimental environment can be expected to 1oster cooperation
among the crew, as it probably did on the Joint Mission,

EQO vs. PI Performance

Operator A also compared resutts for his primary and backup experiments during the EQ
confined flights with thuse obtained by the Pls during the uncontined [lights. He noted that during
the two weeks of unconfined experimentation,useful scientific data were obtained by the Meudon/
Groningen experiment, These data were of three kinds: system noise data, obtained by looking
at the sky during flight: data on known astronomical objects, chiefly M-17; and data on mainly
unexplored objects, chiefly p Oph. Although mission data are still in a preliminary state of analysis.
he concluded that noise data obtained throughout the mission {both confined and unconfined
flights) will be of value in predicting how to use airborne systems in general, and that the measure-
ments are more precise and more general than any equivalent measurements made with the NASA
C-141 or Lear Jet telescope systems.
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On the scientilic side, he noted that more data were obtained on post-simulation flights than
during the EO Nights, but the quality is no dilferent, He suggested that the mission as a whole will
vield publishable astronomical material.,

Operator A drew similar conclusions for his backup experiments (Southampton, QMC and
New Mexico)  namely, that the amount ot data obtained in the unconfined 2 weeks is greater than
that obtained in week | by perhaps more than a lactor 2, but that the quality is essentially the
same,

Operator B

Scheduling

Much of the time between flights was spent preparing the equipment for the next flight.
This work included chunging batteries, lilms, tapes, and charts on recorders, filling a dewar with
liquid helium three times every 24 hours, and monitoring the ensuing pumpdown, After making
minor repairs and participating in briefings with each of the Pls over the voice link, operator B
found that little time was lel't for prolonged troubleshooting of the equipment such as searching
for sources of EMI.

Acclimation

For the {irst flight, it was difficult to think quickly under pressure in the noisy, dark, and
uncomflortable conditions, It also took 4 long time to get all the equipment lor each experiment
turned on and working properly. By the last flight, operator B lound the environment no longer

strange, and his proficiency in equipment operation had increased significantly.

Perlformance and Training

Evaluating his inflight performance in the light of his training, opeiator B concluded that the
Pls tended to assume that their equipment would work as expected during the flights without
any problems and therelore tended to instruct the FOs simply on how to operate the equipment,
Operation of a perfectly working system according to some checklist requires relatively little
training, and operator B {elt that the EOs themselves had to continually pusl for more thorough
instruction. Correction of even the minor faults or mistakes that inevitably occur requires a “feel™
for the equipment. In the view ol operator B, the importance of hands-on training was illustrated
during the conflined period when an EO was operating his secondary experiments: On numerous
occasions, the EQ would require assistance from the prime operator for some small task that un-
resolved might have led to a loss of results,

Operator B felt that his training was more than sufficient to deal with the minor problems
or repairs that were needed during confinement, He noted, however, that some major problems,
such as RF interference on one experiment. were not handled by the EO or by the Pl in con-
junction with the EO via the telephone link, but were left to the Pls during the nonconstrained
flights. He suggested two possible explanations: (1) the postilight voice link between EQ and PI
wis too slow and inadequate — for example, the PI could suggest @ change for one flight and would
then receive @ report on that change after the flight: or (2} the 1O had insulticient responsibility
and training for initiating corrective changes in the equipm :nt on his own. For future missions,
the EO™s responsibility for debugging and maintaining the equipment ceuld perhaps be more
clearly delined and the training oriented accordingly. Operator B also noted that nene of the
reference manuals placed on board by the P1 was used.
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Automation

1n the opinion of operator B, the experimental equipment for which he was responsibie was
sufficiently automated, and he noted that it was possible to set up and keep the several experiments
running simultancously. He did feel, however, that consideration should be given to the time
available to the FO and the number of tasks he has to perform. For example, there was little time
available for the prolonged data analysis during fiight as orgirally proposed by some Pls, and in
many cases the operational requirements for an experiment were reduced by the PI just before the
contined phase of the mission, Also, certain operations siould be avoided - for example, the
requirement for one experiment that data collection be stopped at the end of a scan and reinitiated
every 7': minutes, 4 recurring deadline that limited the EQ's other activities,

Aircraft Missions and Spacelab Training

Operator B considered aircralt missions such as the Joint Mission very valuable training for a
prospective scientist-EO preparing to work in a hostile and strange environment under PI pressures
to obtain good results from their equipment, Such missions also afford good apportunitics for
Spacelab Pls to learn about the design of equipment that will yield optimum results with a proxy
operator having many different responsibilities.

Operator C
Simulation Gualit

Operator C noted several limitations on the confinement aspect of the mission, particularly
those resulting [rom the presence ot nonconfined personnel needed on the aircraft between flights,
At one stage in the conflinement, while the EOs were going through preflight procedures, there
were approximately ten nonconlined personnel on hoard, seriously restricting freedom of move-
ment in the cabin. Some control should have been exercised on the number on board at a given
time, (He also suggested that all PR work such as photography, be scheduled later in confinement,
when problems and procedures have been smoothed out.)

Working Relationships

Operator C also commented on the supportive working relationships among the crew, noting
that he could not recall hearing a singte sharp word exchanged among the five participants during
the confined period.

EQ Decision-Making

One of the Pls remarked at a debriefing that his instrument was not turned on lor an hour
and g halt after takeoff on one of the flights, Operetor C's opinion was that the experiment in ques-
tion was not working, and was not obtaining useflul scientific information at that time. As a re-
sult, the responsible EQ decided to spend extra time ensuring that some problems were overcome
on other instruments belore spending time turning on the instrument in guestion. Qperator C noted
that 1:0s will have to make such decisions and take the responsibility for them: Blindly following
time sequences involving laulty instrumentation can jeopardize tiwe total information output of an
integrated payload. He noted turther that EO fraining must be sulficiently comprehensive to allow
recogiition of the difference between data bits being generated by an instrument, and useful data
bits being so generated,
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[ntlight Data Documentation

Another debricfing comment was that certain physical records being downlinked contained
insutiicient EOQO documentation of data to be usetul, However, operator C could not recall any
requests tor additional information during the confinement week, suggesting that either the prob-
lem was limited to one fight late in the week or the P had not examined his recards in detail
carlier in the week. Further, he could recall no posteonfinement request for any FO to (ill in
missing documientation from memory.

Pl Flights

In addition to his work on the aircraft Juring the continement period, operator C had the
opportunity to accompany the Pls on several flights during the posteonfinement period. As an
example of his observations on those Hights, he cited an experimental procedure requiring real-
time integrated spectra to be copied from the computer in two ways, one considerably more com-
pliciated than the other, On observing the two Pls operating the system during tlight 15, operator ¢
noted that only the less involved procedure was being followed, and on inquiring was teld that *We
do not have time to do both!™ At the same time, three other PI group members were operating the
remainder of the instruments, which had been the responsibility of one EO. In addition, major
moadifications in instrument configuration were made after confinement and prior to posteontine-
ment PI flights. Operator C suggested that atter the Pls have analyzed (heir duta, they should be
asked:

I.  How much useful data was obtained by the EQs?
2. How much usetful data was obtained by the Pls posteanfinement?

3. How much of the Pl-obtained duta would have been possible without the experience
gained by EO (lights and the subsequent experimental modilications?

Mission vs. PI Objectives

Pl knowledge ol postconfinement (light opportunitics undoubtedly compromised the ASSESS
concept. This was stated specifically by some of the Ps, and vertainly led to a more casual approach
to 1O training. Some also felt that the mission was concerned less with science than with instrument
development and an introduction to future Spacelab operations. While PI reluctance to devote
full attention and energies to missions relying solely on EQ perlormance to obtain data is under-
standable, it also precludes a valid ASSESS operation. Operator C suggested that consideration be
given to a purely confined mission. possibly encouraging PI participation by providing oppor-
tunities unique to the mission  for example, @ number of aeronomy flights over the so-called
South Atlantic anomaly,

Lxperiment Preparation und Mission Schedule

While it should not be necessary to tfreeze an experimenter’s system Lar in advance, the re-
sponsible O should be given a space of at least several days tor hands-on operation of a finalized
conliguration, It would seem reasonable to require the Pls to compleie their systems sufticiently
ahead of the start of a mission to allow two full working days tor EO system operation during
pertods when the aireraft is accessible,
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Further. operator C felt that the concept of testing the EO™ ability to obtaitt useful scientilic
dati, as opposed to just going through operational motions, could be validated only if the Pls
comsidered for repeat 1lights in a series of ASSESS-ty pe missions are those who demonstrate that
previous flights were scieatifically productive.

Finally. he expressed the hope that future missions of this type would be better funded,
specitically including the appointment of a mission scientist for the entire planning and operating
period, Such a mission scientist need not be a NASA employee. but could be chosen to participate
in the same manner the EOs were chosen, He would visit the Pls® laboratories scon after their
proposals are accepted. interact with them by describing problems in instrumentation unique to
an aireraft enviromment, and help map ouw solutions to those probletns based on past experience
of ather experimental groups,

During the installation phise, the misston scientist would be available to adjudicate contlicts
in light plans well before the days of flight. Also, he would be available to arrange conditions such
as air conditioning necessary for the safe operation of instrumentation on the aircrafi, and to act
s liaison between Pl and EO if ejther feels the interaction between thent is insufficient to ensure
a sticeessiul operation, For the Joint Mission, sotie of these functions were filled by the Mission
Minager, but his various logistic and administrative dutics made it ditficult for him to be available
to the Pls and EOs as often as desirable,

Operator D

Communication

Operator D considered communications with the Pls to be very good. They were informal. not
stilted. and useful for the ¢rew, Two groups were probably guilty of g little too much “hand-hold-
ing,” but that seemed a small price to pay for the other good peints of the system. Although there
may have been occasions when an inllight communication line to the ground would have been
uselul, such a need certainly did not arise very frequently or this mission, During data taking, as
opposed to preparations and troubleshooting, the crew operated by themselves for the most part.
Operator D was not aware of any instances on the mission when the TV downlink was absolutely
necessary.

Workload

There were two groups of three experiments on board that were run by one EQ cach. By
accident or by design, the workloads for these three experiments were such that when they were
running, one EO could operate all three of them and be about as busy as the O who was running
the single infrared instrument, Setup was a very different problem, however, since cach of the three
experiments required about as much attention then as the IR instrument. Since all the Pls wanted
to be turmed at the same time (the start of the flight!), the EO workload for these two groups was
considerably heavier {or the first part ol the {light than that of the infrared EQ. In the Muture, EQ
assigninents should be based in part on the setup periods, not just periods of operation. For exam-
ple. perhaps the IR operator on the Joint Mission could hav helped out the other EOs during expe-
riment setup. The pressures of getting all experiments on and running are. of course, not unique
for this mission and will undoubtedly recur in the Iuture.
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Support Instruments

Even through not providing ultimately usable scientific data (which was usually on mag tape)
the availability of visual output (Strip chart or CRT) greatly enhanced operator confidence and abil-
ity to keep up with experiment performance.

Some of the software was less tractable and forgiving of mistakes than others, One program in
partivular trequently had to be reloaded tor seemingly trivial errors like ty pos, On some experi-
ments, it was apparent that aperations were simplified by tle use of good vld-fashioned switchies
that could be casily repositioned if a mistake was made,

Experiment Preparation and Mission Schedule

Operator 1D did not feel it was realistic to establish a premission cutof! for PI modifications,
improvements. and fixes to facilitate EO training from then on. He noted that one of the good
things about the Airborr » Science program is the flexibility of the system in allowing last-minute Pl
changes. The esperiment preparation period also contributes significantly to EQ training il the EO
participates as a team member in these continuing modifications,

Second. v Experiments

Operator D did not train on his three secondary experiments as an integrated unit, even though
they were all in the aircradt aind pvoilable to him, Because the control panels were quite sepatited,
however. e did not feel that the  wk of integrated training proved a deficiency . flight. It afl three
control panels were integreted tother, more elficient operation might have been possible, but
nevertheless probadly wo .o ot Lave required more than a day ol integrated operation during
training.

LO vy, PI Perforie

As absolute as possible o comparison should be made between EO and the PI performance un-
der simibar circumstances, with the same equipment problems and the same workload. Only in this
wity is it prossible to determine what additional training, if any, was necessary to improve the quali-
ty of LO performance. There is no value to comparisons between the performonce of one PI work-
ing on, for example, the QMC experiment and that of the EO for all three atmospheric experiments,
because the PI did not have the workload of the other two experiments. Questions should center 0a
things the IOs did not cateh that under a smiliar workload the PI would have caught, and so forth.
Operator D also noted the importance of EO familiarity with aircraft science operations to his over-
all performance,

Hunds-on Training

Operator 1 lelt that a particularly important factor in his training for both primary and secon-
dary experiments was the willingness of the Pls to let the EOs operate and “play™ with the experi-
ments on the ground. OF signilicant training value also was the EO checkout ilight, which ullowed
the EOs to operate their primary experiments once before conlinement. This experience, he felt,
put them well up on the learning curve belore their first *real™ flight und can be compared perhaps
to their first tand only) flight on secondary experiments during the confined period, Operator D
neted by the end ol his tirst conlined Night on the Ames detector, which took place two weeks
atter his EO checkout Right, he was certainly well over the shoulder of the learning curve and prob-
ably also after his ight on secondary experiments, He suggested that no matter how much ground
training is provided. there will be ot feast a short Jearning curve when the “real™ mission begins, and
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that it ene does not operate an instrament for i protricted period of time (say o week or more) his
proficiency will decrease, He felt that for the experimient load of the Joint Mission, the training per-
iod was approximately correct,

Flight Iyvents

On the liest confined Might. osperator D had no assignment but spent approximately one hour
resting the Ames detector assembly for microphonics, which seems a perfectly proper use of the
spare man on & light, On the second {flight, he was assigned to his secondary experiments. Two pro-
blems had ocetiered on the fiest flight with Colorado/Alaska data-handling system and although one
nart of tie Colorado problem was fixed, simaiicant problems remained in both experiments with no
tixes suggested by the Pls. An added task was to check the alignment of the sky-viewing mitror of
the Aluska experiment, o short two-man job that was readily accomplished with the help of opera-
tor C, who was unassigned that night.

Other operations on the second flight proceeded quite normally except tor great Jdifficulty
locking on to Venus with Alaska star tracker. Operutor D notes that the reason for this was his
failure to turn on the high voltage of tne star tracker, o major mistake that vesulted in his obtaining
oaly about § minutes worth of data that flight for Cojerado on Venus, He felt it was worthwhile to
explore the reasons (not excuses) for this error;

I. 1In training, the EO ha-t alwavs sateracted with the system after the system had been
turned on and so never had to taim on thy Hy,

2. There was some carelesspess in delireating the division of labor between the EO ana the
heliostat operator.

3. The EO was wso careless in studying and following the guidance and acquisition proce-
dures because of basic assumption that they were trivially straightiorward to an astron-
omer, and so did not need to be studied.

4. There wax also a psychological problem in that the EO assumed the error was in the
alignment of the telescope, because on the previous night there had been vonsiderable
difficulty due to a misalignnient problem.

5. The high-voltage switch is small and somewhat obscurely placed on a panel filled with
other switches that are not used in normal operations,

On the third day. operator 2 was again unassigned aned in the alternoon performed two lixes
to the Ames detector: (1) resoldering a wire, and (2) removing a washer that had been used to
wedge the fitter wheel in an attempt (o reduce the microphonics problem. This latter item had been
discussed before the constrained period and he was well prepared for it, The TV downlink was used
so that the P could watch the EO do it, but eperator D lelt that the use of TV in this case was
more to reassure the PI than for actual assistance or instruction.

On the fourth day (which was a repeat ol the third), operator I was again off duty but con-
tinued to work on repairs to the Coiorado and Alaska equipment suggested the previous afternoon,
Probiems resolved included replacei.ient of a tuse that was previously unknown to any of the EOs,
repair of a faulty power supply in the D/A converter by running wires from another power supply in
an untised box.,

I'ven though operator D was techinically off duty the third tlight, he participated in preflight
repairs because it seemed reasonable that extra help would be available to do just this sort of thing
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on Spacelab and that the crew would not be rigidly limited to three people at all times. In the same
spirit, he alsa did some Turther testing of the Ames dewar during the ight and helped operator B
on the acquisition of Venus. The two FOs had trouble locking on because the star tracker alignment
was shifted by one-half of the radivs of the Tinder ficld of view. Operator D noted that the linder
sysiem on the Alaska telescope is definitely below par,

On the fourth tlight, operator I3 was assigned to his primary experiment, the Ames 3-0 g
filter wheel spectrometer. which he had not operated on the telescope sinee his EO flight two weeks
betore. Py varations dwing the alternoon were quite straightforwsrd. A major concern was the need
to rebalance the Meudon telescope. Although operators A and D understoad this procedure in prin-
ciple, neither EQ had ever balanced this telescope before or even received any tormal training on
this task, Despite this concern, and with perhiaps a little beginner's [uck, the rebalancing was accom-
plished with surprising case. The planned + .2 of small weights to compensate for LN, boilofi during
flight was also easily accomplished, especially weth the aig of the two torque motor ammeters if-
stalled for this purpose. Qbservations were scheduled for Venus, a llere, and IRC-102106, and all the
fields were quickly found. Acquisition of Venus in the dispitragm was impeded by three problems:

1. The Tocation of the diaphragm had moved relative to the offset coordinate system.

2. The afreraft had large roll amplitude that repeatedly drove the telescape to the stops
causing it to lose lock and interrupt the acquisition procedure.

3. AL the beginning of the Venus run, operator D may have been over-controlling during
the search pattern, (This last might be called a decrease in proliciency {rom not having
operated the telescope lor two weeks.)

Because of these problems, data on Venus were obtained Tor a period of ouly 5-10 minutes and
then only minimally, because of repeatedly losing lockon, when the telescope was driven into the
stops, Since the coordinates of the diaphragm had been ebtained, lockon tor a Here was consider-
ably easier, The data obtained. however, were stitl minimal since the sequence was something like
10 seconds of daty, 20 seconds off, 10 seconds of data, cte, After the end of the o Here teg, adjust-
ments to the autopilot were made that greatly reduced the problem - the roll oscillatic as were now
smaller than the widilt the gintbal stops, IRC-10216 was found by hand rastering in the approxi-
mate Jocation and good data was obtained. Due to EQ troublesliooting efforts, the microphonic
noise was significantly reduced than on operator D% checkout flight two weeks carlier. An appat-
ently new problem was a large sky offset (perhaps caused by the mylar).

On the fifth flight, operator D was again assigned to his prituary experiment, the Aones detect-
ar, Preparations were even more relaxed, and in fact all the crewmen were sitting around s good
portion of the alternoon, Just belore ihe beginning of the Venus run there was a brief period of
relatively Itgh noise on the strip chart, not due to the amplifiers. Before the acquisition of Venus
and before operator D had o chance to solve the problem, it disappeared on its own and did not
reoceur. Alter that, acquisition ol Venus proceeded quite readily, and although there was some air-
craft roll at the start of observations, considerable apparently good data were obtained on Venus,

CGHICLUDING REMARKS

The selection and training ol operators (payload specialists) for Spacelab missions will be of
critical importance to the overall success of the mission. This Joint ASSESS Missione provides insight
to these processes, to the close working refationship between EOs and Pls, and to the performance
ol the oportors ina simulated Spacelab environment, The Tour EOs selected Tor this mission in-
cluded one doctoral candidute, t#o senior scientists, and a scientist/astronaut, with a range ol ex-
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pericnge in closely related fields from 3 to 17 years. Training plans for the individual EOs made
allowance for their background experienee, and for the inherent complexity of their primary and
secondary tesearch assignments. Despite the informality with which the training activity was
planned and implemented, and the “last minute™ nature of their experience with the fully opera-
tional experiments, the EOs performed in a very creditable manner during the simulation period.

The following specific comments on EO qualifications, training, and operations reflect pri-
marily the experience of the operators themselves, with supporting views {rom the Pls and sther:
directly involved in the conduct of the mission. Inasmuch as this Spacelab simulation impe: i
very real atmosphere of isolation and responsibility on the EOs, the observations given here iiave
direct bearing on comparable elements in the developing Spacelab program,

Experiment Operator Qualifications

1. The experiment operator should be a research scientist who uncerstands the theory and
objectives of the experiment, who can interpret the data obtained, and who has sulTicient know-
ledge of electromechanical hardware to identify and correct operating problems. Neither the parely
theoretical seientist nor the competent technician can handle al' aspects of this complex assignment.

2. Anoperator need not necessarily be a specialist in the particular experimental field, but
should be experienced in closely allied research to enable etfective, in-depth training to be done,

3, At lesst one member of the operating tear.  +ould be qualified by experience for general
troubleshooting of clectronic equipment. As consulla.. to the other operators, v may make a
vital contribution to the success of experiments, as was observed of Operator B o ¢ = Joint Mis-
sfon.

4. The qualifications and responsibilities of backup operators should be clearly defined, and
shauld be based on the assumption that they may be called on to perform the duties of primary
operators without benefit of ussistance or consultation,

Charucteristics ot an Effective Training Program

Home Laboratory

1. A well-defined training plan should be developed and implemented on schedule,

2, Responsibility for training segments should be assumed directly by the PI or assigned to
cognizant team members far enouglh in advance to permit adequate content and schedule
planning.

"o

Training clements should be keyed into the experiment development schedule at appro-
priate spots, usually as soon as element objectives can be met with existing equipment,

4, Training should start as soon as essential equipment is on hand and some subsystems are
working.

5. The periodic nature of training requires coordinated scheduling of EOQ obligations at several
locations. Such scheduling is greatly facilitated by firm experiment development schedules.

6. Science training by the P team should be supported by a carelully chosen list of pertinent
hackground literature.
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Technical guides and or mamuils should be available tor experiment components, including
those built by the P team.

Laboratory training should be planned to cover both normal operations and maintenance
tunctions Tor cach experiment subsystem. Late developing subsystems, such as secondary
instruments and data-handting equipment, are particularly vulnerable to training oversight.

The depth of desired O response to equipnient problems, and the degree of freedom al-
lowed tor real-time decisions, should be defined early in the training period, with mainte-
nanee training tiilored accordingly.

Hinds-on cporation of the Tully assembled Dight experiment, and of each subsystem,
stiould be mart of the basic Jaboratory training. This initial familiarization with the total
experiment package should be accomplished betore the integration period at the faunch
site, when other tasks may assume first priority.

Vhen feasible, in-the-field training on real targets should be done, to move one step closer
to real-life operational experieney,

Laberatory training ol an EQ who will operate several experiments should relate to time-
share priorities being developed by the Pls involved, amd to timelines for group operation,

Training on secondary experiments may not require the same level of proliciency as for
primary experiments, but should still be adequate lor independent operation,

A full-time Mission Scientist on the Misston Manager's staff could pertorm a vaiuable liai-
son function among Pls and LQs during the laboratory teaining period and beyond,

Integration Site

I

to

0.

Hands-on participation in experiment installation and checkout should be pait ol the train-
ing experience, amd should be carefully planned in advance to coordinaie EO activities with
the several experiments involved.

Experimenter preoccupation with equipmtent development tasks at the pavioad integration
site can seriously cut into EQ training at a critical time in the preparation period, and re-
duee EO proficiency in flight. Instead ol being available to assist FO training on an opera-
ting experiment, the PIin this sitvation is attending fo tasks that should have been com-
pleted in the laboratory.

Experiment integration and operational verification of hardware, software, and procedures
shotild be completed on schedule to permit planned training activities to be fully imple-
mented,

Hunds-on training for normal experiment operations in a realistic ground-based simulator
should reduce adaptation time to real mission conditions,

Integrated payload training is necessary to develop realistic timelines for O operation of
several experiments,

Normal-operations training has priority over maintenance training; if the first is delayed by
cquipment problems, the second may be impacted significantly. Contingency planning
should allow for this possibility.
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Final training segments should be caretully planned to achieve the desired proficiency on
both primary and secondary experiments, in the limited time available,

Fxperiencee in scientific data evaluation is a necessary part of the training program. to en-
able real-time decisions for maximum quality research results.

Adequate training enhances recognition of and response to abnormal situations using on-
board references and tools, avoids the delay ol PI communication and evaluation of verbal
data, and equips the O for decisions in real-time to optimize the scientific return from
several experiments,

Priority decisions relating to experiment operating schedules during the mission can guide
training emphasis and timeline development.

General OQbservations on Training

12

Prior experience is not an adequate substitute for current training on present equipment.

Once a system is learned, it should be practiced often to prevent loss of proficiency. Inter-
vals between practice sessions should not exceed one week,

“Soft" areas of training hamper performance when time schedules are tight, with a resul-
tant loss of research data.

Some latitude may be allowed for post-deadline experiment modifications, in individual
cases, if the EO can participate fully.

Operator experience in closely allied fields, and faoviliarity with the research environment,
appear to reduce the amount of integrated payload training required for proficient opera-

tion. Valuable background experience of this type may be acquired in aircraft missions for
experiments employing tetescopes for IR or UV astronomy.

Recommendations for Spacelab Equipment and Operations

Research Equipmeint

IR

| =]

Selection of experiments for spacelab should consider two requirements: demonstrated
scientific results on a previous simulation mission and demonstrated experiment perfor-
mance well in advance of the launch date,

Automation of experiments is required to reduce oprator workload and avoid latigue dur-
ing observation periods. Individual experiments and especially multiexperiment groups
were deficient ip this respect.

Management shoultd furnish guidelines to assist P1 planning for experiment automation.
Experiment controls should be arranged for case of operation and to minimize chances for
mistakes. Joint Mission control layouts were lar liom optimized. even on individual exper-

iments.

standarized cassettes should be developed for all recorders — tape, Tilm and paper chart -
to tucilitate reloading with minimum loss of time.
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Management should supply information on standard, Spacelab-rated instruments to guide
PI selection: alternately. a pool of such equipment could be available to the Pl

Tools and supplies to support experiment operation and repair should be carefully selected
to enhance FQ performance,

Aireralt mission experientce should enable Pls to design a better experiment for their own
or proxy operation in Spacelab.

A real-time visual readout of scientilic data is very helpful to the experiment operator, who
can evaluate and espond at once to maintain quality ol results.

Expurimen-specific software must he reliable, since the operator may not be trained or
have the time to eifect changes,

Research Operations

1

O.

Mission duration should be 14 days or longer for EOs 1o develop Mull performance poten-
tial,

Operations schedules should allow for a learning or shakedown period at the start of a
mission, during which time EQs adapt to the environment in both the physical and proce-
dural sensc.

Reasonable zutomation of normal experiment operations frees the operator for real-time
evaluation of data, informed response to unique research opportunities, and the exercise
of optional modes of data acquisition.

Operator timelines should allow for EQ support during peak workload periods, as for
example, during equipment turn-on at the start of observations.

Provisions for maintenance and repair should involve active support by the oft-duty opera-
tor to the Tullest possible extent,

PI co:nmunication is not necessary or even desirable during periods of normal eperation,
but can be vital to the resolution of equipment malfunctions, At such times a TV downlink
may facilitate the solution.
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Appendix A-1

EO Biographivs

Operator A

Age:
Citizenship: British
Marital Status: Married

Iducation

Open Scholar (Physics), Jesus College, Oxford University 1959-62.
B.A. (hons. Class I) physics - Oxford, 1962.

Skynner student (Astronomy} Balliol College, Oxford, 1962-65,

D. Phil. Department of Astropliysics, Oxford, 1965.

Post-doctoral fellow, Lick Observatory, Univ. of California 1965-1966.

Appointments
Staff scientist, J.P.L.. Caltech., 1966-67.

Lecturer in Physics, Queen Mary College, London, 1967,
Currently on leave of absence as Visiting Scientist, ESTEC, 1974,

Other Appointments Held

Course consultant in Earth Sciences; Open University, UK., 1970-71.
Consuitant in Infrared Physics, National Physical Lab., UK, 1971-72,
Visiting Astronomer, High Altitude Observatory, Boulder, Colorado, U.S.A.,
Summer, 1972,
Member ESRO Post-Apollo Infrared group and Infrared Mission Definition Group, 1973,

Membership

Royal Astronomical Society (Fellow).
American Astronomical Society.

Publications

Author or co-author of over twenty papers,
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QJ}E rator B

Age: 24
Citizenship: British
Marital Status: Single

Education
TIAY - 6b Allevns School Tilwich T ondan
1969 - 72 Downing College. Cambridge
1971 Awirded College Scholarship
1972 B.A. in Physics {Ist Class Honours)

Present Activity

1972 -74 Ph.D. student at the University of Sussex. working both experimentally and
theoretjcally on non-linear wave-wave inleractions in magnetoplasmas, This
program is relevent to both plasma physics and to magnetospheric and jono-
spheric studies, An R.F, plasma apparatus lias been built and various diagnostic
techniques employed. Also wave launching and detecting systems have been
built and are in current use. The research project is well advanced and a number
of results are being obtained at present (July *74).

Other Scientific Activity

1973 Aided the University Rocket Group in a campaign in the north of Norway by
manning a sight for photographing releases of Barium in the ionosphere.
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Operator C

Age: 37

Citizenship: Canadian
Marital Status: Married

1955 -60
1961 - 63

1963 - 66

1966 - 69
1969 - 74

Present

Education
B.Sc. (Math & Physics) University of British Columbia
M.Sc. (Physics) University of British Columbia

Ph.D. (Physics) University of British Columbia

Employment Experience

Associate Research Scientist, The Johns Hopkins University
Associate Physicist, Kitt Peak National Observatory
Visiting Research Scientist, The Johns Hopkins University

Visiting Associate Professor, University of Maryland

Project Participation

Investigator; NASA Sounding Rocket Flights 4,163, 4,217
Investigator: NASA 1968 Airborne Auroral Expedition
Principal Investigator: NASA 1969 Airborne Auroral Expedition

Consulting Arrangements

1967: NASA Langley Resecarch Center
1973: Geophysical Institute, University of Alaska

Prolessional Organizations

American Association for the Advancement of Science
American Geophysical Union

Canadian Association of Physicists

Optical Society of America

Miscellancous
American Geophysical Union delegate to the SV General Assembly of the
International Union of Geodesy and Geophysics, Moscow, USSR,
August, 1971
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Operator D

Age:

39

Citizenship: U.S.A,
Marttal Status: Married

Education
Attended primary and secondary schools in Shrewsbury, Massachusetts;
received a Bachelor of Arts degree in Astronomy and Physics from Ambherst
College in 1958 and a Doctorate in Astronomy from the California Institute
of Technology in 1962,
Organizations
Member of the American Astronomical Society: the Royal Astronomical
Society: and the International Astronomical Union.
Awarded the NASA Exceptional Scientific Achievement Medal (1973) and the
Outstanding Leadership Medal (1974),
lixperience
Prior to his selection for astronaut training by NASA. was an Associate

Professor of Astronomy at the University of Wisconsin.
He has logged over 1,300 hours flying time in jet ajreraft.

Current Assignment

He was selected as a scientist-astronaut by NASA in August, 1967, He has
completed the initial academic training and a 53-week course in llight
training at Williams Air Force Base, Arizona. He was a member of the
astronaut support crews for the Apollo 15 and 17 missions and served as
Program Seientist for the Skylab Program Director’s Office during the
three manned Skylab flights.

In August 1974, he was named Chief of Scientist-Astronauts for the Science
and Applications Directorate at the Johnson Space Center.
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Appendix A-2
Experiment Operating Procedures and Training Plans

Operating procedures in varying detail for the various experiments were prepared for each
experiment. The Meudon and New Mexico Pls prepared their own procedures, while the re-
mainder were prepared at Ames during the payload integration period by the EOs and Pls
working together, with the EQs doing the bulk of the detailed writing.

Each set of operating procedures is presented in its original form except for some format and
minor style changes. All of the procedures show a fine-grain level of operational detail. The large
number of operational details required of the EQs also is readily apparent, and it is easy to under-
stand why the EJs recommended automation of many experiments control functions.

In many ways, the New Mexico material is the best example of a carefully thought out pre-
sentation, and it is the only one containing sketches of the equipment showing the location of
controls and other items requiring operational attention. Without such skeiches a complete stranger
to the equipment would have difficulty operating the other experiments. Only the Alaska, Queen
Mary, and New Mexico experimenters prepared written EQ training plans. These are included in
the respective sections on procedures,
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University ol Alaska

In their original October, 1974 proposal for the Joint Mission, the Alaska experimenters pre-
sented a unified schedule of experiment development. research planning, and operator training, The
time and cost ot hardware preparation to facilitate proxy operation was weighed against estimates
ol operator training required for competent performance, with the result that cight weeks of class-
room, laboratory, and field work was proposed at the PI's fucility Preparation of a training syllabus
was estimated to take an additional 8 man-weeks, with active training to begin in late October, 1974,
Final training on the integrated experiment would be done at Ames.,

Inasmuch as the Alaska experimenters had first-hand experience in previous ASQO missions,
their estimates of training time were considered realistic, il somewhat conservative. This last point
became the subject of negotiations between the Mission Manager and the Alaska experimenters,
since FQ time schedules and budgeting constraints were both limiting factors, The {inal schedule
and content of training was completed in early December, as shown below: only one week of EO
experience at the home laboratory would be augmented by intensive training during the 4-week
period of integration and inflight checkout at Ames, The detailed iisting of subjects and attendent
relerences emphasizes the strong scientific orientation of the training. Note that items 2 and 3
(previously in equal detail ol training) have been signilicantly curtailed, with strong dependence on
EO experience as the background to hands-on operational training. This approach was not un-
reasonable considering the qualifications of the primary EC, but was at best marginal for the
secondary EQ from Etrepe. As it turned out, the secondary EO spent about 2% weeks at Alaska,
while the primary EOQ spent only the allotted one wecek.

12O Training Chronology

Training Plan Qutline December 13, 1974

List of references for review ol scientific disciplines December 13
(see section | of Training Detail)

Assembly of schematics and instruction manuals for January 15,1975
optical, mechanical and electronic subsystems
{see sections 2 and 3 of Training Detail)

QOperations manuval for setup-operation-alignment and March 7
calibration of instrument

Listinig of various experiments, details of resolution March 7
wavelength, scan rates and operational procedures
for each data acquisition phase
(see section 4 of Training DetaiD

Allocation of specific experiments to various flights March 7
and interaction between 1-meter instrument,
JPL’s instruments and other EOQ activities

On site visit by EOs to observe and take part in March 7-15
ground-based operation of the instrument
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Review of ECG visit and modilication of initial March 15-April 15
procedures to be used during actual training
period at Amwes

Installation. checkout-training of X0 May 5-May 31

1O Training Detail

Dec¢. 13,1974
I. Review of Scientific Objectives (corresponding references are listed in bibliography)
a.  Studies of trace constituents in the atmospheres of
(1} Venus
(2) Saturn
{(3) Mars
{4} Jupiter
b, Studies of the terrestrial night airglow
{1) Herzberg 0, bands. Intensities and vibrational distribution
(2} OH bands. Intensities and rotational distribution
(3) Ol line emissions--5577 and 63G0 A
(4} Mesospheric temperature
¢. Studies of the terrestrial twilight airglow
+
(1) Intensity and vibrational distribution of N, Ing band emissions
(2) Intensity of N, band emission
{3) Intensity of Ol line emissions

d. Studies of solar optical radiation

(1) Solar UV flux at various altitudes
(2} Fraunhofer and telluric features in the solar spectrum at various heights

e. Gaseous pollutants in the terrestrial atmosphere

(1) Spectrophotometric detection of NO, NO,. 804, HCl, etc.
12} Spatial distribution of the above

f.  Plasma pause related phenomena

(1) SAR-arcs: studies of optical emissions and their extent. Region of proton precipitation
{2y Current theories

g. Coordination with satellite overpasses
(1) Spectropbometric airglow measurements during overhead passage of AE and OGO

satellites
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Basic Operational Principles of Spectrophotometric instrumentation

This section will consist of a collection of schematics and instrument manuals, Basic
understanding of optical instrumentation, computer ¢peration and data handling will be
asstimed as part of the expertise of the FO ane. will b taborated on during the actual training
period.

Telescope and Heliostat Tracking System

This section will consist of a collection of schemaltics and instrument manuals, Telescope
operation and guidance will be part ot the 1O training program and depend partially on the
expertise of the 1:Q.

Scientific Fxperiments
a, Planetary astrophysics

(1) Acquisition, tracking. and recording of various parts of plonetary dises for
spectrophiotometric analysis ol illuminance

(2) Choice of wavelength regions

(3) Subtraction of suitable solar spectrium from planetary spectra

(4)  Real-time analysis

b. Terrestrial girglow and relaed phenomena

Recording airglow spectra in dilferent wavelength regions

Real-time analysis of vibrational and rotational distribution of optical
band emissions

(3) Correlations of the intensities of various optical emissions

{(2)

¢.  Solar optical radiation

(1) Solar spectra at difterent heights and resolutions
(2} Spectral identification and intensity normalization

d. Spectrophotometric studies of gaseous pollutants
(1)} Detection

(2) Quantitative determination of concentration along line of sight in industricl.,
agricultural, and recreational regions
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Alaska Operating Procedares

L Standby Condition (with power on rack and beam prior to preparation tor flight)
A, Beam. Turn 60-11z power box ON at station 18,

Thermoelectric cooling unit control. Turn power QL Set temperature control at
-30°C. (Rotate knob counterclockwise as far as possible). Meter should read about
6 amps. Make sure N, supply is flowing.

Spectrometer

Fan on detector nead is on (activitated by [-A above)
Shutter switch on slit plate ON (toggle toward cutboard)
Cam motor switch (on cam motor housing on spectrometer)
ON., motor not running, (toggle turward)

4. Slit width Q"

TV S ]

B.  Spectrometer Control Box
[ Tower switch OFTF
2. Scan control on STOP
3. High-voltage control:

() Switch OFIF
(by Potentiometer to 0"

4. D/A position switch on *{™

5. Front panel jacks empty

6. Accumulation switch on 25 ms”
7. Scan period on 16 se¢

8. Shutter Control Svatch DOWN
Formatter

1. This is left in ON position all the time. (Only lights up when computer is ON).

Tektronix Console Stund

1. Front switch ON (taped in position) and left in ON position for the
entire mission.

2. Back switcl o TTY {tapea in position) and lelt in
ON position for the entire mission.

Console (Tektronix scope and keyboard unit)

Local/live switch on LINE

1 switch: right side down

2switch: right side down

MAKL COPY switch OF (spring returns to OF7)

B —
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Brush Recorder

——————

I. Power OFF

2. Chart speed OFF; switch on *+ 100”

3. Both channel sensitivity switches on *100 mV/Div,” “X I
4. Sensitivity verniers on calibrated “1™ positions

5. Zero suppression switches OFF and verniers at *'0”
Computer

1. Power key OFF

2. Switches 0 through 15 down

3. All togele switches in neutral (spring returns to center)
/A Converter

1. Powerswitch OFF

Tape Recorder

1. No tape on spindle

Multiplexer I-O Box

I. Sonalert switch OFF {(down)

ADDAS

1. 1-O box power switch ON and left in ON position
for the entire mission

Telescope Controls

1. Power switch in box nearest to window ON and left ON all the time

2. Heliostat covered and caged; power OFF

II. Preparation for flight (at least 2 hr prior to flight) (power ON),
request power at stations 6 (60 Hz) and 18 (60 and 400 Hz)

A,

Beam
Turn ON 60-Hz power at station 18

Spectrometer Slit

Check to see that all filters are removed from in front
of slit; put mask ON



Wavelength Drive

1.

L2

p78

T~

Select cam 1o be used initially and put it on camshalt

(see appendix A-2a)Cam = is last digit on cam)

Select subsequently required cams and place them in
storage in the tejescope mirror compartinent

Position with tape Ilg pen ray lamp in front of hole in mask
on slit and plug in power supply

k

Control Box

D -

h

Flip power switch ON

Turn tunction selector knobs to 1.V, monitor

Flip red high-voltage switch ON

Slowly (15 sec) turn high voltage pot until digital voltmeter
reads 1.10

Turn scan control switch to RUN and then STOP it exactly

at the end of flyback as indicated by the shutter opening

(20d sound). Visually observe that the cam follower has stopped
immediately after the steep portion of the cam,

Beam
Spectrometer

I, Flip cam motor switch (on ¢cam motor housing) to OFF (alt)

2. Loosen allen head screw on cam follower arm at grating shaft, while
holding the grating angle position indicator to keep grating from moving

3. Position angle indicator to desired lower angle injtial position of grating
{see appendix A-2a)

4. Tighten securely allen head screw on cam follower arm at grating shaft while
holding the grating angle position indicator to keep grating from moving. At
the same time, make sure that the cam follower arin is pushed as far in as
possible on the grating shaft and the roller bearing is riding tully on the cam
edge

5. Flip cam motor (on cam motor housing) switch ON (forward)

6. Openslitto 0.2 mm

Rack

Computer

1. Turn power key switch to ON position

2. When Tektronix scope turns bright green push PAGI on the Keyboard

3. RAISE switches 7 and 10 (this corresponds to octal 440)

4, Successively raise toggle switches RESET and START

5. SAAS Program 2.4 should appear on sereen

6. Lnter lower wavelength bound number and push RETURN (see appendix A)

7. Hanewstatement HIGH= appears on screen enter upper wavelength bound
(see appendix A-2a):if a new statement did not appear, sce Program Loading
Procedure (appendix A-2b)

&, Flip all switches (0-15) down



D.

Raeck (Continued)

9. Press down control (CTRL) key and while holding it down, type T scope should
show current UT time (day, hour, minute, second) if aircraft time generator is on.
If not. raise switch 10 on the computer. Type Control T on the keyboard. Scope
should respond with the message DDD/ITH:MM:SS. Enter current day and time
{Days/Hours:Minutes:Seconds) through keyboard. Type RETURN,
10. Type M, then enter an appropriate five-digit code (see appendix A-2a); type RETURN
[1. Type W, enter slit width, type RETURN (see appendix A-2a and slit width code table.)

Brush Recorder

1. Load new roll of chart paper-letting 1 ft. stick out at bottom—label
2. Flip power switch ON

3. Attach chart to take-up bar

4, Turn chart recorder on to secure take-up

Tape Recorder

1. Load new data tape according to diagram inside tape recorder and jabel.
Carefully follow tape-threading diagram and check tape path after loading

2. Press LOAD switch, observe forward motion of tape to reflective marker
on tape {5 or 6 {1)

3. Press ON LINE

4. Close door and replace bungee cord

5. If nothing works go to step 3 of appendix A-2e

Beam

Mercury Lamp
Flip power switch ON

Rack
Control Box

Turn scan control fo RUN
Set scan period to that appropriate for intial observations on flight (see appendix A-2a)

by

Brush Recorder

Adjust chart speed (see appendix A-2a) and sensitivity to acquire wavelength calibration
from g lamp, and label chart accordingly

Computer

Flip in order switches 9, 5, and 0 UP

Type A, wait for about a minute: scape should display GOT IT message alter

two scans have elapsed. If this does not happen, raise and lower switch 9 several
times and then leave it in UP position. After about a minute the message

GOT IT should appear on the scope

[w) ==



I. Rack (Continued)
2. Type RUBOUT, scope should display a trace of one scan, It takes about two minutes
to complete the display
4. Record on hard-copy unit
Tupe Recorder
Check to see if tape advances a little at'ter each flyback of spectrometer cam

G, Go Through the TURN-OFF PROCEDURI: prior to takeoft,

HI. Turn-OIf Procedure {Prior to takenft)

A, Rack
Computer

1. Flip all switches (0-15) down

2. Wait for one scan period, raise RESET switch, then turn power key switch OFF

Control Box

Turn high-voltage pot to zero (Q) slowly
Flip red high-voltage switch OFF

Turn scan control switch to STQP

Flip power switch QFFF

P 1D —

Brush Recorder

1. Push chart speed control QFF
2. Flip power switch OFF

Tape Recorder
Secure door with bungee cord

B, Beam

l. Closeslitto 0

2. Turn off and remove calibration devices and store

3. Install appropriate Niter and mask (see appendix A-2ua)

4. Check dry N, flow: it N, is [Towing, leave 60-l{z power on station 18 and
the power switch on T.E. control box ON



1V. Turn-on Procedure during Flight after Final Power lnterrupt
A Rack
Chieck power is ON on Stations 18 and 6.
Control Box.

Flip power switch ON

Flip red high-voltage switch ON

Slowly turn high-voltage pot until digital voltmeter reads 1.10, and
lock the potentiometer

Set scan period to desired value (see appendix A-2a)

Set integration period to 25 ms (see appendix A-2a)

6. Turn scan-control switch to RUN

W pd —

s

Computer

. Turn power key switch ON
2. When Tektronix scope turns bright green, push PAGE on keyboard

Tape Recorder

1. Press LOAD (tape should move forward)

2. Press REWIND, hold down brietly until tape begins to rewind, release button
{tape should now rewind to load point)

3. Press ON LINE

4. 1If the tape recorder does not work, flip switch 0" on the computer DOWN
and just continue: however, skip all tape recorder commands.

Computer

Raise switches 7 and 10

Successively raise toggle switches RESET and START

SAAS Program 2.4 should appear on screen.

Enter lower wavelength bound number and push RETURN {see appendix A-2a)
If a new statement HIGH= apypears on screen, enter upper wavelength bound

(see appendix A):if a new statement did not appear, see Program Re-Load
Sequence in appendix A-2b

6. Flip all switches (0-15) down

7. Press key CONTROL (CTRL) down and while holding it down, type T.

The scope should show the current UT time (day, hour, minute, second), if
aircraft time generator is on. If not, raise switch 10 on computer and type
Control T. Scope should respond: DDD/HH:MM:SS, Enter day and time
(Days/Hour:Minutes: Seconds) through keyboard and type RETURN.

Turn all switches (0-15) down.

Type @ | to position tape past previously recorded data. Wait until the last

record data time is printed and the tape begins to move forward on to the
unrecorded portion of the reel, The tape will move, but no times will be printed
on Lhe scope. Raise and lower switch #13. [gnore TAPE NOT READY message.
Type @< to backup to last record. Note: 1F COMPUTER TYPES "“LOTI™ or
“TAPE ERROR" during this process, repeat “@ £ command.

W ey

© @
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B.

Rack (Continued)

10. Flip in order switches 9,0, 1, and 5 UP

11. Type M, then enter appropriate live-digit code {see appendix A); press RETURN key

12,11 the computer cannot be used for summing scans, consult appendix 1 (Signal
Averaging on the Fohancetron)

Brush Recorder
Flip power switch ON

Press desired chart speed (see appendix A-2a for detailed requirements on each flight)
Adjust sensitivity settings as outlined in appendix A-2a

DJ!J-—‘

D/A Converter

Flip power switch ON

Lights

Turn all panel lights ON (Operator’s Choice)

Tape Record=r

1. Check to see that tape reels move slightly after each {lyback in the spectrometer,
IMPORTANT, If not, wiggle up and down computer switch 0 and Jeave it in up
position, Next wiggle switch L3 and leave it down, Check to see that tape is moving.

If the tape recorder does not work, ip switch “*0" on the computer DOWN and
carry on as already described

i

Multiplexer 1-O
Turn on Sonalert

Beam
Spectrometer

Open slit to desired value (see appendix A-2a)
Windows

1. Open plastic covers on 14° and 657 windows
2. Check for fogging IMPORTANT

Star Tracker Set Up

Go through search and capture procedure for planetary or stellar obsetvations as
described in appendix A-2c for those missions requiring the use of this system
{appendix A-2a)
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C.

Rack
Keyboard on Tektronix Display Unit

Ty pe W, scope should display SLIT WIDTH = . If it does not, type W again until
scope displays SLIT WIDTH = , and enter slit width (see appendix A-2a and Slit Width
Code Table).

V. Data Acquisition {Make Verbal Comment on PA system a: Points X) After Capture on Venus
Mission (X) Venus Captured (if target is Jost at any time go to step 9)

1. Observe that signal is on scale on Brush chart recorder:

(X)) Venus Signal OK. If not, adjust pen sensitivity accordingly.
2. Clear sum buffer by pressing CONTROL Key and typing S on Tektronix

keyboard (2 buttons) (X) Sum Buffer Clear,
3. Press key A, When scope read GOT IT press RUBOUT. This will display trace
on scope. {If doesn’t display, twiddle 9 & 13 switches). {X) Single Trace on Scope.
Press hard-copy button and go get the copy.
Press S then A, which will indicate how many scans have been summed, When this
number is at least 5, press P then A and the summed scan will appear on the scope.
Adjust Y amplitude according to appearance of trace by pressing YA followed by
number: RETURN (X) Sum Buffer Captured 5 Scans.
Press hard-copy button and go get the copy.
Update sum trace and secure hard copy as time permits, preferably every 5 min
At end of Venus mission, secure hard copy ol total sum and also dump sum trace
onto Brush recorder at appropriate sensitivity and zero offset settings after
switching signal lead to D/A box next to recorder, The chart dump is made by
typing H then A after setting Brush recorder sensitivity to 200 mv/DIV.
{(X) Call Out End of Venus Mission. Describe Operation.
9. If during this procedure the target is lost:

ok

o=

a. DImmediately verbalize this state (X)

b. Go back to telescope and reacquire

¢. Verbalize recapture {X)

d. Go back to step (1) above after capture

V1. Turn-Off Procedure Prior to Landing

A.

Rack
Control Box
Computer. Flip all switches (0-15) down, wait 10 sec

Tape Recorder. Press rewind button and watch tape rewinding. If tape is not rewinding,
press LOAD followed bty REWIND. Wait for one minute, then press REWIND again.

Spectrometer

1. Tur aigh-voltage pot to zero-0, slowly (15 sec)
2. Flip red high-voltage switch OFF

3. Turn scan-control switch to STOP

4. Flip power switch OFFF
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Computer
Turn power key switch QFF
Brush Recorder

1. Push chart speed control OFF
2. Flip power switch OFF

D/A Converter
Flip power switch OFF

Tape Recorder

Secure door with bungee cord
Lights
Turn all panel lights OFF

B. Beam
Speclrometer

Close slit to O
Thermaelectric cooler control box:

Turn power switch OFF (leave temperature control at -30°C position, i.e., turned
counterclockwise as far as possible)

Star-Tracker Control

1. Power supply always ON
2, Seeappendix C

Heliostat control is through the “ghost,” b 1Os should be part of the shutdown
procedure and the “ghost™ operator should be aware of the conditions under which
the system will be shut down.

ViI. After Landing

A, Rack
Tape Recorder

1. Remove tape, and make sure it is labeled; remove Write Ring
2. Secure door with bungee cord

Brush Recorder

Remove chart paper and label



B. Beam

Spectrometer

1. Remove optical filter and mask, if present, and store in tray
2. If removed, replace filter holder on spectrometer, and secure it in place with
the screw



Appendix A

Nominal Instiument Seltings

. Wave-
Mirror Star Five length
Expernnent | in front | Control box Brush recorder Spectrumeter - digit a3
L tracker A seliing
ot slit code Syt
GS(A)
=
g
<
. oo
Scan | Accum, |Chart Sensiti- | Sensiti- | 8 B B
tivity | tivity 8] 3F = I I
Period | Period |speca | Ch1 {2 {2 2 S| Fl % | s
g = s] = 2 vl 5
2 o= = = = 2 &
ot I 3 i T = O
Venus NO 32 sec.}) 25 msec]l0 mm SmY 20mV 325°01754) 374 31 YIS It only LOW
sev Div Div 7-54 fileer | =2965
Both Nominal used:
single Adjust to contain 01091
scans &{ whole spectrum on it both HIGH
sum. ane channel. filters used | =3540
01291
Night YES 16 sec. | 25 msec|2 mm 2my 10 mv emm{ 32.5°] 754 NO If only LOW
Glow sec Div Div 7.54 filter | =2962
0, Herzberg Single used:
Bands Siils 01092
10 mm If both HIGH
sec fiters used | =3540
Sum g1292
Night Glow | YES 16 sec. | 25 msec |2 mm 2my 10mV |7 ] 2mm| 615|259 NO 03073 LOW
O Meinel seu Div Div =7273
Bands Single
Scan HIGH
10 mm =7396
see
§um
Hg Spectrum | NO 32sec. | 25 msee 10 mm | Appropriate value 9 102 325° NG 00044 LOW
K 1o get specirm |7 | (2 61.5° =203
HIGH
=3545
ooon74 LOW
=7273




Appendix A-2b  Computer Operation

Flip switches 7 and 10, on the computer up and all others down.
Successively {Tip toggle switches RESET and START up. Screen should clear and
program label SAAS PROGRAM VERSION 2.4, etc., should appear at the top of

Punch into keyhourd the requested information on wavelength settings. If these are
not accepted by the computer, go to Appendix A-2b (Sec. ID and reload the program.

Press key CONTROL (CTRL), and while holding it Jown type T. Screen should show
current UT, time il airplane clock is operating. Uf the [ater is not onerating, {lip switch
10 up and press keys CTRL and T simultaneously. Screen should respond with

request DDD/HH:MM:SS., Type in day of year, hours, minutes, and seconds for UT
inciuding the slash and colons. NB: Even if airplane clock is functioning, pressing
keys CTRL and T will produce a request for DDD/HH;MM:SS by the computer on the
screen 17 switch T0 is inadvertantly left in the up position. Enter any value for

Press W key. Screen should respond with request for slit width. If not, continue
typing W until scope displays SLIT WIDTH= . [nter appropriate slit width followed by

Type M. Then enter an appropriate five-digit code (see appendix A-2a): type RETURN,
If computer does not respond with message in 2 above, or to the instructions in 3 and
5, reload the program as described in 11

1. Program-Starting Procedure
1,
2
the screen.
3.
4.  Flip all switches (0-15) Down.
5.
DDD/HI:MM:SS and repeat 5.
6.
RETURN Key.
7.
8.
[1. Program-Loading Procedure

[PV N

(LIRS

0.

Mount program tape SAAS 2.4 on the tape recorder {see diagram on tape deck).
Manually load enough tape on take up reel to get a grip.

Press LOAD button at the top of the tape deck. At this point tape should advance
and position itself to the reflective marker which is on all tapes. If tape does not
advance a short length and/or continues to move forward for more than one minute it
means that it has been inadvertantly positioned past the marker. Press REWIND button
even if the tape is moving forward. This should position the tape at the load point.
Press ON LINE button.

Raise switches 0, 11, and 14 on the computer, All other switches should be down,
Successively raise toggle switches RESET and PROGRAM LOAD.

At this point, the magnetic tape should move and a “#" sign should appear on the
scope screen. Type 14 (fourteen) on the keyboard, Then push RETURN button on
keyboard. The computer should load the program and halt. *f the computer gives
ERROR message on the screen, press REWIND followed by ON LINE buttons on the
tape recorder, and then carry out steps 11-5 and 1[-6 above.

Press REWIND button. When tape stops, press REWIND button again to remove
program tape,

Load data tape the same way as the program tape (steps 11-1, 11-2, and 11-3).

Go to section 1 to start program.
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I1. Program-Loading Procedure teont)

10

It data tape already contains data which is to be saved, it must be positioned past the
data:

a. Lower all switches

b. Make sure tape recorder is ON LINI

¢. Rewind tape by keying @R

d. Move to end ot tape by Keying ¢ I (press PAGE Key to clear o tull sereend

e, When time printout ceases, raise switch #13: fgnore TAPE NOT READY
message: lower switch #13

. Back up to last recorded data recond by keying @<

I1. Data-Manipulation Procedure

(For detailed description of the pracedure, consult appendix A-2d.)

A. Direct data from spectrometer

1.

0.

It spectrometer I1V. is on and cam is rotating, flip switch 9 then switches 0, Foand 5,
of the computer UP,

Press A on keyboard, Alter a short time (about twice the scan period), the message
GOT IT should appear on the sereen, I this does not happen, raise and lower switeli 9
on the computer several times and then leave it in ON (up) position. I after about

2 min following this procedure the message GOT I'T does not appear on the sereen.
restart the program as deseribed in section [,

After GOT IT message shows on screen, press key Pand then key AL At this point, the
screen should display information about the record in A bufter, Lo, date, time ete,
low wavelength, high wavelength, sum of scan, ete. Next the sereen wiil proceed to trace
the scan record in bulfer A. It takes about 2 min lor the graphic display to be
completed. When this is completed, two lines, a vertical and o horizontal  should
appear on the screen.

The slow graphic display of data on the screen can be stopped at any time by raising,
momentarily, switeh o on the computer and then Mipping it down. The cross lines should
appear on the sereen together with the unfinished data display.

Move the horizontal line down to about one inch above the bottom of the scope, with
the aid of the “Horizontal™ thumb wiwel control on the keyboard. Then press keys
CTRL and Y simultancously. This shifts the baseline ol the display to the position of
the herizontal line and permits an extended vertical display of the record in A buller,
Press key P then key A, The track on the scope will be redrawn with a shifted base.

Ta change the vertical scale ol the trace, type Y then A then the desired

vertical scales (50 means 50 counts/inch, ete). This should only be done after the cross
lines have appeared at the end ot the graphic display or when the fater is aborted through
the use of switch 6 on the camputer {see 4 abovey,

To change the hortzontal scale type D then A on the keyhoard. Enter the fow and
upper bound values of wavelength desired on the display. Then press keys Pand A
stteeessively to obtain the display of part of the A butfer on an expanded wavelength
Cabseissi) scale.



9, To calibrate the lower and upper bound values of wavelength, select two known spectral
lines from a Ig spectrum displayed on the sereen. Position vertical line on the first
{lett) known spectral feature, Type X then A on the keyboard, I+ ter the wavelength of
this feature, followed by RETURN. Move the vertical line to the second (right) feature of
known wavelength and type X, Enter wavelength of this feature, Press RETURN key.
The computer has now completed wavelength calibration.

IV, Tape Playback

Turn OFF all switches: turn ON switch 5 to suppress dark subtraction.

Ensure that tape is mounted and on-line, The write-ring should have been removed
from the tape reel; the RING light on the tape unit should be out (not illuminated).
3. Type @A to request tape read to go into the A buffer (it the B buffer is desired, type
@B),

Rewind tape: type &R,

Read the first recorded scan:

Type @ followed by RETURN.

L e

B

NOTE: Whenever a record is read into the computer, the time of the beginning of
the scan is display~d, followed by the beginning and ending Angstrom vitlues of the
wavelength region used. Following this is MODL= and the data mode code (set by the
M command in keyboard mode when the sean was originally recorded.)

6. Reset the display limits to the input wavelength region and plot the
trace. TYPL RUBQUT. The resulting display may be manipulated in the same way as
a scan obtained directly from the spectrometer.,

NOTE: If both an A buffer and a B buffer were in use prior to beginning tape playback,
pressing RUBOUT will cause both traces to be displayed. To Release the A bulfer,
type CNTRL-A: to release the B buffer, type CNTRL-B,

7. Any of the magnetic tape commands may be issued at this point:

@ - Use A buffer for subsequent input

@B - Use B buffer for subsequent input

fd .‘J - Read next record

ﬁl‘DDD/lIII:MM:SSJ - Read down to record with date/time DDD/HIT:MM 88 or later
(] - Read down to EQF

@R - Rewind tape

(7 - Type time of current record

< - Backspace over one record

fanpn< - Backspace over nnn records

(“MxxxxxxJ = Read forward to first record with data mode code xxxxx

NOTL: * _ /" means depressing the RETURN key

V. To Sum Data (rom Tape

1. Perform the setup described for tupe playback above,
2. Choose the beginning time of the interval to be summed, and position the tape to the

desired scan record,



Example:  The tape begins at day 142 at 04:16:32 thours: minutes:
seconds), [t is desired to start summing at 0530, Type
w 142/05:30:00 followed by RETURN. The time on cach
record will be displayed as it is read. Press PAGL each time
the sereen becomes full (red light glows on top of
keyboard). The tape will stop with the nearest scan with
time not earlier than 0530 in memory,

NOTE: There may have been interruptions in the data recording prior to the
desired time. This will cause the reading to stop on an EOF or TAPE ERROR.
Repeat the search commard. [f the tape starts running off in the unrecorded part

of the reel, raise and lower switch 13. Tgnore TAPL: NOT READY message: type @R
to rewind tape.

The tape may be backed up over any number of records. To back up a single record,

type @<, To back up 4 records, type @4<. The computer responds with

KEYBOARD COMMAND when the operation is complete. There is no time printout.
Summing will begin with the next record read. Type CNTRL-S to clear the sum

butfer. Now raise switch #1. Type a search command for the ending record of the
summed interval, Data will be summed as it is read. Type SA 1o capture the sum, type PA
to plet it (use B if the B buffer was in use),

NOTLE: Sumination may ve continued over EOF or TAPE ERRGR
stops. Repeat the search command. Summation will automatically
stop if the wavelength region changes from that at the first record summed.

NOTE: Tape reading may be stopped before the end of a search
by raising switch 8. Remember to lower switch 8 alter reading
hius stopped.

P THE
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Appendix A-2c Search and Capture Procedure

Telesepe Finder Alignment Check

Star-Tra

‘ker/Heliostat Operation

1. Check to see that IPA HV switch (high voltage) is OFF.

2. Check power staticn 18 for 60- and 400-Hz power,

3. Turn on (check) star-tracker power supply.

4, Install voltmeter set for 5/10 V on “Star Presence™ (+) and “Ground,” The voltmeter
is in the storage bin.

5.  Remove light stop between beamsplitter and 1PA unit,

6.  Set heliostat “cage/uncage™ to CAGE.

7. Turn on heliostat system (4 switches), and allow 5 to 10 min for gyros to warm up.

8. Move star-tracker control switch to FIND.

9,  With heliostat still in CAGE Position, move heliostat mirror by hand to set
azimuth = 305° and elevation to the values for Venus for the teginning of each
mission plus 90°. This should place Venus in the field of the view finder.

10. Uncage heliostat,

11, Turn IPA “HV" switch ON, dark sky should read less than 1/2 V on meter.
{Twilight sky reads about 3.5 V., Venus also about 3.5 V: Venus during twilight reads
about 3.7 V.

12, Using joystick, move star image to center of cross hairs. Meter reading should increase,

13. Using joystick, peak the meter reading.

[4, When meter reading is at peak level. turn star-tracker control switch to track.
Reading on meter should increase slightly and remain steady (Note the actual reading).

15, System is tracking star. If meter reading is high enough (i.e.. greater than about
2 V) star image should remain steady indefinitely.

16. An indication of star-tracker operation is provided by the short- and long-term
stability of the meter reading.

17. If star track is lost, go to step 8 above and reacquire star image.

Turn Off

1. Cage heliostat.

2. Tum off IPA high voltage.

3. Turn of heliostat system (ali 4 switches).

4, Putalight stop between beam splitter and IPA umt,

NOTES:

1. During turns it is important that the heliostat does not bump into its mechanical
stops. Before a turn, cage the heliostat and wait until the course is steady
again and go to steps 7 and 8 above to reacquire star image.

[

If the heliostat is bumped while uncaged, it may start oscillating (amnlitude
about 10%). If this happens, it is important to cage the heliostat as soon as
possible to prevent amplifier burnout. Go to step 8 above to reacquire star image.
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Appendix A-2d SAAS Spectrometer Program Version 2.4

The following computer program for the data-general Nova 1200 computer lucilitates re-
cording and displaying spectrometer scans from an auroral spectrometer. The program is controlled
by means of the keyboard on the 4010 scope and the 16 switches on the Nova console, the
program will perform the following functions:

1. Read input from the spectrometer and store the data as a series of scans. Scans may
consist of up to 2000 points, including dark-current readings taken during flyback.
Tlhe number of points in a4 scan may be increased, it desired (see later section),

2. Write entire scans on digital magnetic tape in suitable lorm for later analysis.

3. Display scans on the scope as a connected graph. Facilities are provided for
manipulation of the display: the scales, location of aselines, and angstrom
range may be changed intera. #ely,

4, Pertorm a point-by-point sum of successive scans in order to reduce noise. The sums
may be displayed on the scope like any other scan data,

5. Read scans recorded on the mag tape back into the computer for display on the scope.
Mag tape data may be run through the point-by-point sum after recording. Periods
may be selected.

The prograim functions as a colleciion of multiprogrammed *‘tasks,” which run in parallel.
Data collection, recording, and summing may proceed while earlier scans are being examined on
the display scope.

To Operate

1. Turn the computer on by rotating the power key clockwise to the ON position. This will
turn on the magnetic tape unit and the spectrometer interface as well, Turn the
Tektronix 4010 scope on with the switch located on the right underneath the keyboard.
When the scope has warmed up, it will {ill the screen with green light. Press PAGE to clear
this. Pressing PAGE at any time will clear the screen without disturbing the program.

L2

Load the SAAS program [rom the program tape: mount the tape on the mag tape unit
(see diagram inside the cover). Manually load enough tape on the takeup reel to get a
grip. Then press the LOAD key. The tape will position itself to the reflective marker
which is on all tape reels. If the tape is inadvertantiy positioned past the marker, press
REWIND, even if the tape is moving forward at the time. After the tape is at load point
press ' on line”. Now set (raise) switches 0, 11, 14 on the computer console, All other
switches should be off. This is octal 100022, the address of the mag tape unit for loading.
In sequence now, raise RESET and PROGRAM LOAD switches, The mag tape should
move, and a “#" will appear on the screen of the scope. The computer is now waiting

for the program number. The SAAS program is always recorded twice on the tape, for
safety. Inter 1 or 6 followed by RETURN. The compulter will load the program and halt,
If it types out ERROR, rewind the tape (press REWIND and ON LINE on the tape unit)
and try again with program load.



3. Now take oft the program ey and mount a blank tape for recording data, Press
RIWIND on the program tape to get 1t to load point, then press rewind again to get it
off the takeup reel. Mount the blank tape in the same way as the program tape,

Press ON LINL.

4. Start the program al address 440, This is done by setting switches 7 and 10 only, and the
rest QFF. Then successively raise RESET and START. The screen will clear and the pro-
gram label SAAS PROGRAM VERSION 2.4 will appear at the top of the screen. Later
versions will have higher version numbers,

5. The program then types a diagnostic message giving the number  buffers allocated,
This version of the program assumes that up to 2000 points (including dark data) will
be entered per scan, and will compute the angstrom-step between readings based on
the actual number of points it reads and the angstrom scan bounds used, If more than
000 points come in, the last ones will be rejected (not stored). This value may be
changed by user command.

8, At this point, the program is fully initialized. The message KEYBOARD COMMAND: is
typed on the sereen, The operator may then respond with any of the commands detailed
below. Also at this time the console switches are active,

Switch Assignments on the Computer

Write spectroieter scans on mag tape
Accumulate seans in sum huffer

Plot all dark values as zero

Inhibit dark value subtraction

Supress/abort plotting {see graphics discussion)

Suppress logging times al'ter cach tape-read

Halt forward search on mag tape (see mag tape commands)
Q. >> input scans from the spectrometer <<

10. Inhibit parallel time setting

B

13, Set mag tape DONE - - for diagnotic, do not use

14. Synchronize chart recorder with spectrometer inputs

e e

Keyboard Commands

</ Curriage return
@ Mag tape command
Al Capture the last complete scan as the A buffer; the A buffer may be displayed on

the screen {see graphics commands),

Nsss_ To set buiTer size when sss is the number of words.
FIEWARNING*#**  This restarts the program,

B: Capture the last complete scan as the B bhulter,
CTL-A; Release the A buffer.
CTL-B: Release the B buffer.
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Wi Set slit width. This will be recorded on all subsequent data scans,

Copy the contents of the sum buffer to cither the A or B bufler. The program
will ask which one. Note that the A or B bulter must [irst have been established
with an A or B command.

1

Clear sum butter to zero; reset number of sums lo zero.

—~
—
i
w

rnter graphics mode and draw A triace.
See below for other graphics commands,

Entler graphics and draw the B trace.

Type current time DDIY/HH:MM:SS

CTL-T: Set universal time {hold CTRL key down and strike T).
The clock wil) restart with the new time when the carriage return is struck after
entering seconds. If switeh 10 is down, time will be read awtomatically from
parallel time interface.

L: Set the limits in angstroms for all subsequent scans.

Mdddddes  Where ddddd is the “Mode™ code

Graphics

The program may be placed in graphics mode by the PA or PB communds, entered in
keyboard-command mode, The screen will be cleared, a lubel typed, and the A or B trace will
be drawn. These traces are scans from the spectrometer (or the mag tape, in playback moded
that have been “frozen” by an A or B command. These scans are in data bufters tliat are held
fixed while other data buffers are used to collect more scans and record them on mag tape or
add into the sum buffer,

After the traces are drawn. the progiam commands the scope to put out its graphic cross
hairs and wait lor any key to be struck. When the key is struck, the program can read off the
positinn of the cross hairs at the time, The action taken then depends on which key was
struck {see below). To understand the graphics capability of the SAAS program, the
following must be kept in mind: :

1. Each trace (A or B} is independently stored and may have its own X or Y scale., The Y
scale is specified directly in counts/inch. The X scale is determined indirectly Irom
the specified range (in angstroms) of the displayed scan. The scans are labeled with the
time when the [irst point ol the scan was stored (DDD/TH:MM:SS) and the angstrom
value of the first and last point displayed.

[J

There is an overall scale for the entire display which may be used to expand or shrink
the displayed trace pair, It is also possible to change the location of the sereen

center so that a desired feature will appear in the middle of the screen. The scales For
gach of the traces convert {rom engineering units to inches, 1 the overal! scale is set

to 1 {the normal setting), then these are actual inches on the screen. U the overall
scale is set to 2, then 2 inches will fill a screen incli, and the display will appear to
shrink. I the overall scale is set to 0.5, the display will be expanded so that one “inch™
fills two screen inches,
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Due to the large number of points usually plotted, graphics are rather slow. No speciro-
meter data will be lost during graphics. since the spectrometer data-gathering task runs
at a higher priority than graphics.

Fach trace is plotted in two parts: the first is 0.5 of dark values and includes all the
dark readings from the (lyback period immediately preceding the data scan. Alter
(1.25"" gap, the spectrometer data are drawn for 6.25".

Graphics Commands

These commands may be entered whenever the crosshairs are on the screen. Note that if a

command, trom the keyboard-command list is entered at this time, the program automatically
exits from graphics mode and executies the command correctly in keyboard mode.

DA:

DB:

MA:

MB:

B

Set limits of the display for the A trace. The program will request a low and a high
bound in angstroms for the display. These bounds must be within the range of data
originally set when the program was started. If the range exceeds the available data, it
will be automatically truncated to fit. The resulting display will spread all the points
within the given limits across 6.25" of the screen,

Set limits o' - display for the B trace.

Read the current cross-hair position and type out the correct angstrom value and
intensity value for the A trace at that point. All scales are automatically taken into
gecount in caleulating these figures.

Measure as for MA but for the B trace,

Set the Y scal: for the A trace, “##4#” represents a floating-point number which must
be entered atter the A and terminated with RETURN. The scale is counts/“inch™.

Y Ba#H#: Set the Y scale for the B trace,

CTL-YA{CTL-YB). Hold the CTL key down while striking Y the current position of the hori-

XB:

QA

QB:

zorntal crosshair will be taken as the baseline of the A (PA trace). The cross-hair posi-
tien is noted and the X value stored, The program then calls for the VALUE, which
should be entered by the operator as a floating-point number in angstroms. It is the
angstrom value at the crosshairs on the A trace, This angstrom value has presumably been
determined from theoretical considerations. Now, a second calibration point must be
marked with the crosshairs. The operator should strike the X when the crosshairs have
been positioned. The value Tor this point should then be entered. The result is a
cleared screen and the printout of the new limits of the scan based on the calibration
just performed.

Subsequently stored scans {rom the spectrometer will be recorded as between these
calibrated limits,

Periorm wavelength calibration using the B trace.

Type out the current scan limits lor A trace. This is the same message that appears after
a wavelength calibration.

['ype current scan limits for B trace.
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R: I'rase screen, draw both A and B traces (if deflined) with labels.

WA (WB):  Follow this contmand with a number in angstroms. Il the angstrom value is on the
displayed A (B) trace, a vertical line will be drawn to mark it.

HA (HBY:  Copy the A (B) trace to the chart recorder. The scale on the chart recorder may be
the same as the sereen in Y, the scale in X depends on the chuart speed. The proper
settings for the chart recorder are: 200 mv/mm and a chart speed about 20 mm/sec.
The position of the horizontal crosshair at the time of striking the H key determines the
lowest value that will be plotted. Values below the crosshair will be zz2ro. Values
greater than the range of the chart recorder will be pegged at the maximum.

CR (carriage return); Exit from graphics mode to keyboard-command mode.

G###:  Enter the overall scale (“inches”/inch), make the current ¢rosshair location become the
center of the screen.

RUBOUT: Reset overali scile and screen center to NORMAL, Reset display angstrom-range
to data maximums, and redraw trace(s).

Other Notes on Graphics

1. Raising switch 6 during a plot will terminate the plot. Leave switch 6 up while per-
forming the initial adjustment of the scales, if desired. Raising switch 6 will also
terminate chart-recorder output,

[go]

With improper scale settings. or requested data ranges that are entirely outside the
available data there may be no display. Use the Q command to find out what the
limits are, and switch 6 to terminate a plot that is entirely olf screen. Note that the
computer “windows” displayed data, cutting off partions which will not fit on the
screen,

3., Strike RUBOUT to reset all display parameters to normal, and automatically re-draw
all traces.

Typical Operation

I.  Turn computer on and load up a blank tape lor taking data, as described above.

2. Start program at 440, Type “W", enter slit width of 0, followed by carriage return.
Turn off afl switches.
3. Turn on switch 9 to start gathering spectrometer data,

4. Settime: hold down CTRL; strike T. Time will be read automatically.

5. Type L and set the limits in angstroms of the spectrometer sean being used. It this is not
set, the program injtially assumes low = 4000, high = 5000.

139



O, Wait lor one sean to accumulate, Type A to save the scan in the A buffer. Computer is-
plays GOT IT! when the scan is ready.

7. Type PA to plot the A trace.

8.  Type CTL-S to clear sum buffer, (hold CTRL key down and type §), No special
response is made by program.

9. Turn on switch 1 to start summing scans.

10, Fither wait until the plot is complete or raise and lower switch 6 if impatient. Type YA3Q
followed by carriage return, This will set the Y scale to 30 counts/*‘inch™ and replot the
graph, When the program is loaded, the Y scale is set at 200 counts/*inch™.

11, Type SA. This will copy the current contents of the sum buffer to the A buffer, where it
will be saved. Summing will go on in tle sum buffer. Type PA to plot the summed

trace.

2. Identify two known features in the plotted spectrum, Perform the wavelength calibration
described under the X command. Reset the sum with CTRL-S.

13. Mount a fresh tape on the mag tape unit. Get the unit on line, with a ring in the tape,
Raise switch O to start recording scans on tape.

Magnetic Tape Commands

The magnetic tape unit on the system may be used to record and playback spectrometer
scans. Playback must be done with the speciromcter disabled (switch 9 down) and mag tape
recording off switch O down). All mag tape commands are issued from keyboard mode and are
preceded with @,

@A: Use A buffer lor input. Either A or B must be selected,

@B: Use B buffer for input,

@ (followed by carriage teturn):  Read one record, Display time, wavelength region.

RS Go to end of tape. The tape will read lorward until either a tape mark or a bad record
{parity error) is detected. This command is often used to position to the end of the
tape when more than one data session is to be recorded on a single tape. Note that a
tape mark is normally written at the end of a recording session when switch 0 is
turned off.

R Rewind tape to beginning.

(w7 Type out the time on the current record.

@DITYILMM:SS:  Read tape until the desired day (DDD)Y hour (1) ete. have been passed.

Striking cardiage return instead of the /™ or **:” will cause the rest of the time to be
assumed at zero, and search made accordingly.
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Backspace tape one record. 11 a number is typed between the @™ and the “<", the tape
will be backspaced that number of times.

Mag Tape Playback Techniques

[

Switch 8 may be used to stop tape from searching forward. Raise the switch, then lower
it to issue another command.

When the tape is searching forward, the time on each record passed is normally logged.
To suppress this, raise switch 7 during searching,

To position tape to the end ol the recorded portion, use @E until the logged times
indicate the end of the last data block. If the tape runs off into the blank space. raise
switch 13 to stop tape motion (TAPE NOT READY will be signaled) end issue @< to
backspace to last record. Note that it is common to have a garbage record at the end of
the tape if the session was not concluded properly (dropping switch 0 and waiting for
the iast scan).

To sum data from tape, do the following:

CNTRL-8 To clear the sum buffer.

@DDD/HH:MM: 88 To position to desired time,

Raise swiich | to activate the summer.

@DDD/HH:MM:SS To read (and sum} to the end of the desired period.
The sum may be displayed by giving SA and PA.

141



Appendix A-2e -- Tape Unit Operation

Procedure

!

Press the PFOWER key at top of the transport. This should turn on some lights.

2. Mount the tape. (See diagram on unit).
Wind enough tape to establish a grip on the takeup reel,
3. Press LOAD button. Tape should wind forward and stop at the initial reflective marker.,
4, Press ON LINE. The tape is ready for use,
Problems

If the tape just keeps moving forward, press REWIND, go to step 4.

If riothing works, turn POWER off and then on, repeat from step 3.
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Appendix A-2f - Wavelength Region Changes

1. Lowerswitches 4 and 9.

2. Type CTRL-T to resync time.

3. Type L. Enter new (approximate) bounds of scan.
4. Make mechanical adjustments to spectometer.

5. Restart spectrometer scans. Raise switch 9.

6. Type A. wait for GOT IT.

7. Type PA to display the trace,

8. Perform wavelength calibration (X Command).

Q. Raise switch 4,
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Appendix A-2g — Codes tor Cams, Filters, Slit Width, and Experiment Type

Five-Digit Cade
First Second Third Fourth Fifth
Digit Digit Digit Digit Digit
Not used First Second Cam # Experiment
Enter 0 Filter # Filter #
Filter # Type Code # Freoriment Type
0 No filter 1 Vooaus
| 7-54 2 0, Herzberg nightglow
2 3-74 3 OH Meinel nightflow
3 2-59 4 Hg spectrum
4 4-96
5 3-70

Cam number is last number marked on each cam.

Slit-Width Code

Code Stit Width (mm)
1 0.1
2 0.2
3 0.4
4 0.6
5 1.0
6 2.0
7 4.0
8 6.0
9 8.0
10 10.0

Enter the code number appropriate for the slit width used.

144



ta

Appendix A-2h Problems and Their Solutions

Computer does not reply GOT IT when an A or B buffer is requested.
a.  Ensure that the spectrometer is scanning - the cam is rotating.
b.  Switch 9 should be up. Raise and lower it a tew times - Leave it up.

¢, If switch O was up (Tape Recording) ensure that the tape unit is on line. Raise and
lower switch 13, if it was necessary {o put the tape on line.

Tupe unit does not write scans.

2. Switch 0 should e up.

b,  Switch 9 should be up.

¢.  Lower and raise switches to be sure.

d.  Raise and lower switch 13 after you make sure tape is on line.

e,  Tape will write only at the ¢nd of a scan.

No response {rom computer to keyboard command other than request for A or B buffer,

2,  You may have erased the screen (PAGE Key) while the crosshairs were on the screen.
Correct for this error by pushing the space bar until the computer begins responding with
“Keyboard Command.”

b.  Computer may have been kicked off-line by a transient, Restart at 440 in the usual way.

¢.  The computer and 4010 scope must have been turned on.

Computer will not drav 2 plot in response to PA or PB. The screen clears but no graph is
drawn,

a.  Noscan was obtained. Get an A or B bulTer.

b.  Display limits are not in actual wavelength region. Press RUBOUT to set display limits to
scan limits and replot.

¢. Y scale is unreasonable. Try a larger valu - (YAxxx or YBxxx command).

d.  Scan limits are unreasonable. Raise switch 6 1o stop plot. Use L command to set scan
limits.
Type A (or B)
Type RUBOUT.

e.  Record read lrom tape is bad.

Get next record “®@™, carriage return,
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L)-

10.

11,

13,
14.
15.

16.

18.
19,

20.

Appendix A-2i - Signal Averaging of the Enlancetron
Fetch Tektronix oscilloscope 475 rom the back end of the airplane.
Plug power cord in the power outlet (unplug power cable to beam for [Hg Lamp and use that
outlet) and pull the power knob on the scope out to turn it on. (See attached picture of the
oscilloscope controls.
Turn TIME/DIV switch to X-Y position,
Set VERT MODE to CH2.
Connect, in parallel, VERTICAL DEFLECTION outlets on Enhancetron to CH2 on the
oscilloscope and on channel two of the Brush recorder. Disconnect Channel 2 channel on the
brush recorder.
Comnect HORIZONTAL DEFLECTION outlets to CH 1 on thwe oscilloscope.
Set AC/GND/DC leveler on both channels to DC,

Disconnect synch pulse cable from the Brush-Pen-Marker-Box on the right-hand side of the
rack and connect it to TRIGGER INPUT terminals on the Enhancetron.

Connect SIGNAL INPUT 1 on the Enhancetron to spectrometer output at the T connector
on channel one of the Brush recorder,

Set DISPLAY SCALL on Enhancetron to 4.

Set FAST/SLOW switen above TOTAL SWIEP TIML: knob to SLOW.

. Select TOTAL SWEEP TIME for 1024 POINTS to correspond to spectrometer’s scan period

{16 to 32 seconds),

Set OVERLAP ADJUST kpob so that the black line is vertically UP,
Set MEMORY GROUP knob to 1024,

Set TRIGGER switch on the left bottom ot the Enhancetron to EXT,

Set TRIGGER switch on the right bottom to the Enhancetron to PLUS.

. Turn ON power switch on the top right part of the Enhancetran,

Set MODE knob to DISPLAY.
Press ERASE MEMORY button. The oscilloscope should show two herizontal lines,

Turn MODI: knob counterclockwise to MEASURE: position. The two horizontal traces on the
scope should merge into a point at the left side of the scope. At the beginning of the next
spectrometer scan the Enhancetron should trigger and the point on the scope should expand
to a vertical line and move slowly towards the right. Adjust the BASELINE ADJUST potentio-
meter on the nhancetron until the top part of the vertical lines on the scope shows maximum
modulation,
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Appendix A-2i (continued)
1. Turn MODE knob to DISPLAY position.
22, Press FRASE MEMORY button.
23. Reset MODE knob to MEASURE position.
24, Adjust sensitivity of channel two on Brush recorder to get a trace for running sum.
25. To stop signal averaging after n scans:
Turn MODE knob ta STOP | position and wait until the end
of the spectrometer scan. Turn MODE knob to DISPLAY.
Adjust DISPLAY SCALE to obtain maximum vertical
deflection without any part of the trace saturating.
26. Turn the MODE knob to READOUT to obtain the sum trace on the chart recorder, If the
trace does not fill or is saturated on the chart scale, adjust the sensitivity and switch the
MODE switch to STOP 2 and then back to READQUT for the chart display. Repeat until a

useful record is obtained.

27. Go back to step 19 and repeat the sequence through step 26.

“RPRODUCIBILITY OF TH.
-+ NAL PAGE 18 POOR
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University of Colorado

Colorado 1/8-m Spectrometer

Pre(light Checks

A TTY
1. Check paper supply and replace as required (if green strip showing on right margin),
2. Power switch OFF (back of unit).

B. Display Unit
1. Line OFF

C. CPU

I. Power OFF (key horizontal)

t

SW down
3. All switch registers dewn,
4. Dep. switch down
5. All other switches up.
D. Tape Deck
1. Program tape loaded in unit zero
2. Blank data tape in unit 1.
3. Power switch OFF (back of unit),
L. GSE

l. Power switch OFF

I

Exp. switch OFF

3. Computer enable switch ON
4, +28-V reg push button OFF
5. Frequency switch on 100 Hz

6. FWD/REV switch on FWD
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Colorado 1/8-m Spectrometer (Continued)
7. dsee/MAN switelh on 3 sec
(I. Turn-on Procedure
A. Station Power
1. Power ON, station 17, 60 Hz
2. Power ONTTY
3. Line ON on display
4, Power ON on tape deck
B. GSE

1. Power ON, station 18, 60 Hz

2, Powerswitch ON
3. Exp, switch ON
¢. CPU

1. Power ON (key vertical)

IJ

Switch register to 7000
3. Lift SWswitch
4. Depress ADDR Load

N

Depress LXTD ADDR Load
G. Depress CLEAR
7. Depress CONT
NOTI:  Tape unit O should now load program: wait until finished.
8. Depress SW switch
9. Depress switch register switches
D, TTY
1. Check dot on paper

2. Command: ZI IRETURN
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Colorado 1/8-m Spectrometer (Continued)
NOTE: Tape unit 1 will advance slightly; check another dot on paper.
3. Command: R RTPLC.BINRETURN

NOTE.: Tape unit zero will load another program. TTY will print: RTPLC, then asks
for PROGRAM FILE?

4, Command: EGTWAT.RTP

NOTE: Tape unit zero will advance; wait until completed, then asks for OUTPUT FILE?

wn

. Command: Insert here predetermined flight code:
XXXXX.DAT (1st must be letter)
Flight Code:
X (Month init.) XX (U.T. Date) XX (Cassette No. for Date)
NOTE: Tape unit one loads; wait until completed.

6. Command; CL2,10RETURN (from now on, TTY will not print until return
punched; commands will appear en display).

NQOTE: Unit types copy ol command.
7. Command: GO RETURN
NOTE: Unit asks {or observing program parameters:
SET F to SCALE
SET S to NSCANS
SET N fo NPNTS
SET R to RATE IN .1 MS
W=WAIT(MS)
LIFT SW 0 to GO
8. Command: F= _ _ RETURN (Typical:2)
9. Command: 5= __ RETURN (Typical:5) NB: Must be greater than 4.
10. Command N-1000 RETURN

11.Command: R=34RETURN
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Colorado 1/8-m Spectrometer (Continued)

12, Command: W=1RETURN

NOTE: Il a bad command causes sequence to stop, simultaneously press

CTRL and C; go back to step D1 after tape unit zero rewinds.

E. CPU
1. Lift switch register switch zero.
NOTE: At this stage, spectrometer begins scan; display will begin activating.

II1. Operating Procedure

A

To change a parameter

1. CPU: Depress switch register zero switch

2. TTY: Type in new parameter as in step 1, I, 8 thru 12,

3. CPU: Raise switch register zero switch

To change TTY to red channel: command UD IRETURN

To change TTY back to blue channel: command UD ORETURN

To put either TTY channel on tape

1. To enable the blue buffer: command WB 0 IRETURN

2. To enable the red buffer: command WB 1 1RETURN
NOTE: Can do either/or steps | and 2.

3. To write on tape TTY: command EW IRETURN

NOTE: Display will show number of records written,
With N-1000, can go to 42 records on one tape.

To change tapes
1. Stop recorder

TTY: command EW ORETURN
2. Stopscan

CPU: Depress switch register zero switch,

151



Colorado 1/8-m Spectrometer (Continued)
3. Put EOF on tape.
a. TTY: command EFRETURN
NOTE: Tape rewinds here.
b, Simultanecusly push CTRL and C.
4. Replace tape in tape deck.
5., Gobacktoll,D, 1.
F. To go to standby
1. TTY: EWORETURN
2. CPU: Depress switch 0
G. To come back on
1. CPU: Raise switch 0
2. TTY: EWIRETURN

[V. Printing Procedure
Follow turn-on procedure for the 1/8-m spectrometer to step D1, omitting section B.
A. TTY Commands
1. Command: R RUFUSC.BINRETURN
NOTE: Tape unit *0" will load the RUFUSC
program; wait until tape has stopped and
RUFUSC is typed out on TTY.
2. Command: CR 1000RETURN

NOTE: TTY will then type out:
+ 2.00000E+00 REGS ALLOCATED

3. Command: OP 1:XXXXX (Qutput file of the records to be read.).DAT RETURN
NOTE: TTY will type out OK, when finished,.
At this time, the record to be examined, printed, etc., can be called up by

Command: RD 0 XX (record number) RETURN
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Colorado 1/8-m Spectrometer {Continued)
NOTE: Tape unit 17" will read the record into the computer,
B. TTY Display Record
Command: SL ORETURN
SH 999RETURN
SC XXX (any point between 0 and 999) RETURN
NOTE;: At this point, the record should appear on the display,
C. Record Spectra

To prepare the recorder for recording spectra:

1. Plug in banana plug into rear of recorder, making sure of the polarity.

[ )

Set the rate at 8 divisions per minute,
3. Set the sensitivity to 5SmV scale,

To record spectra:

1, Turn on recorder,

2. Turn pen position switch DOWN,

TTY:

Command: PL 0 XX (delay time that determines length of record plotted usually
Sor 10is used)RETURN

NOTE: As soon as record is ended, raise the pen and turn off the recorder.

To remove the record, set the HR MIN switch to N and the paper
can be pulled out and torn off,
V. Shutdown Procedure
A. TTY: Simultaneously push CTRL and C
B. Power (wait until tape’s rewound)
Turn off power:
to TTY
to CPU

to display
to tape deck
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Calorado 1/8-m Spectrometer (Continued)
C. GSE
|. Turn Exp, switch OFF

2. Turn power OFF
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Jet Propulsion Laboratory

JPL Tunable Acousto-Optical Filiers

I. Preflight Condition Checks

A.

D.

TAOQF controls (Isomet) {2)

Power: OFF
Lower: CcCw
Upper: Cw
Switch: MANUAL
Tune: N/A
Drive: Zero*

Ramp Generators (HP 3310A) (2)

Function:  ramp (\)

Range: 000t

Offset: Negative; arrow up
Qutput: CCwW

Dial: ~ 20

Line: OFF

Square-Wave Generators (HP 3310A) (2)

Function: square wave

Range: 10

Dial: ~ 20

Offset: Positive: arrow at 10 o’clock
Output: cCw

Line: OFF

Counter (HP 5248M) (1)

Power: OFF
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G.

Sensitivity: 0.1, preset
Time base: 10 msee
Function: frequency
Plug-in: N/A
Counter (HP 5345A) (1)
Power: standby
Time gate: | msec
Selector: Frequency A
Oscilloscope (Tektronix RM S61A) (1)
Power: OFF
4 traces:
Switch: ground
Sensitivity: 2 V/div
Mode: NORMAL
HV Power Supply (Fluke 413C) (1)
Power: OFF
Output: OFF
Voltage dials; OFF
X-Y Recorder (HP 7004B) (1)
X module: X,
X preamp: 0.2 V/in
Y module: Y,

Y preamp: 0.2 V/in

Power: OFF
Chart: OFF
Servo: OFF
Pen: OFF
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K.

Switch: set-up
OZ Box (JPL) (2)
Power: OFF
Switch: standby
GSE (Colorado) (1)
VM Range: X 100
Power: OFF
Exp. Power: OFF
HV: OFF
Switch: Panel

SSR NIM bin

Power: OFF
Rate: slow
Supplies:

X-Y recorder pens
Felt pens
X-Y recorder paper
or prestamped paper

Stamp and ink pads

Cassette recorder tapes (4 per flight)

1. UV TAOF Turn-on Procedures

A.

TAOF Control

Power: ON (needs 1/2 hour to completely stabilize)

Counter (5345A)

Power: ON
GSE
Power: ON
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D.

L.

Voltages: check on DVM against nominal range (+10, +4.6,-10, -14.5)
Switch: HV monitor
Lxp. power: ON;current reads 10-12 ma
Oscilloscope
Power: on (takes some time to stabilize)
Coax switches: UV TAOF
Set zeros: 1 + 2on top of cach other
3 + 4 on top of each other
Set 1 and 3 switches to dc
Ramp Generator
Power: ON
Range: increase to 10

Scan voltage: set to level for flight via offset and output as monitored on oscilloscope:
return ramp to ,0001

Square-Wave Generator

Power: ON

Voltage: adjust to (0; +1.2 V) as monitored on oscilloscope using offset and
output

0OZ Box

Power: ON when ADDAS ready for data flow

Numbers: thumb in first ID for night

GSE

HY power:  ON; chieck HV mon on DVYM (2.2); check counts; check current on
meter

X-Y Recorder

Power: ON

Manr.ally insert paper
Chart: ON, smooth paper, and stamp, fill in data block as needed

158



K.

M.

0.

Servo: ON, and adjust X scan by setting ramp geaerator to a reasonable speed.
then return ramp generator to 0.000L. Adjust Y scan by using
TAQF Controller power, square wave generator frequency, and ramp
&,enerator mquemy to predetermine levels,

NOTE: X and Y runges and offsets are also used as dictated by exrerience.

Ramp Generator

Frequency: set as predetermined (as a check on H above); (must not exceed 4095
counts per 1/2 cycle or will saturate

Verify targef is acquired in telescope.
OZ Box
Set to test [D for 15 to 30 seconds
Ramp Generator
Set to near start of scan by temporarily changing frequency switch
OZ Box
Set to RUN
XY Recorder
Pen: ON

Verbal comments and {itime + ID) to cassette recorder

I1I.  Visual TAOF Turn-on Procedure

A,

TAOF control

Power: ON (needs 1/2 hr to completely stabilize)
Counter (5248M)

Power: ON

HVPS

Power: ON

Oscilloscope

Coaxial switches to vis TAQF

Set zeros: ] + 2 on top of each other
3+ 4 on top of each other
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I,

Set | and 3 switches to de
Ramp generator

Power: ON

Range: increase to 10

Scan voltage: set to level for flight via offset and output as monitored on oscilloscope:
return ramp to 0.0001

Square-Wave Generator

Power: ON

Voltage: adju:t to (0: + 1.2V) as monitored on oscilloscope wsing offset and output
0Z Box

Power: ON when ADDAS ready to accept data

Numbers; thumb in first ID for night

SSR NIM bin

Power: ON

tlVPS

Switch to + (Plus)
Bring HV up to predetermined level

Ce~ itch on counter to vis TAQF output; check counts-return coax switch to
frequency monitor

X-Y Recorder

Determine use later

Ramp generator

Frequency: set as predetermined (as a check on H above)
0OZ Box

Set to test ID for 15 to 30 sec

Ramp Generator

Set to near start of scan by t.mporarily changing frequency switch
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N. OZ Box
Set to RUN

0. XY Recorder
Determine use later

P.  Occasionally verify that no bright star is in field of view when doing OH background
measurerments

Q. Comments (ID & Time) to cassette recorder

. UV TAOF Shutdown Procedure
A, TAOF Control
Power: to zero¥

B. X-Y Recorder

Pen: OFF
Servo: OFF
Chart: OFF
Power: OFF

C. Square-Wave Generator

Power! QFF

™

Ramp Generator
Power: OFF

E. TAOQF Control

Powe~ QFF
F. 07 Box
Power: OFF
G. GSE
v O rmRODUCIBILITY OF THs
Exp. power: OFF © AT, DAGE T8 POOR
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H.

Visiole TAOF Shutdown Procedure

A,

G.

H.

Power: QFF
Counter {5345A)
Power: OFF

Oscilloscope

Off when both TAQOFs shut down

TAOF Control
Power: to zero*

X-Y Recorder

Pen: OFF
Servo: OFF
Chart: OFF
Power: OFF

Square-Wave Generator
Power: OFF
Ramp Generator
Power: OFF

TAOQT Control

Power: OFF
HVPS

HV to zero
Switch: OFF
Power: OFF
Counter

Power: OFF
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Osciltloscope G in use)
OFT when both TAOFs shut down.
SSR NIM bin

Power: OFt
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10.
1l

")

instructions for Lowering the 14° TAOF Window Mount

Note that all Tollowing instructions apply to both fore and aft sides of mounting structure,
Remove top outboard bolts.

Remaove top inboard bolts,

Pull bottom inboard pins.

Lower inboard side until bottom hole is in line with upper main frame hole.

Insert botton inboard pins.

Puli bottom outboard pins.

Lower outboard side until bottom hole is in line with upper main frame hole.

Insert bottom outboard pins.

Insert and start top inboard bolts.

Insert and start top outboard bolts.

. Tighten all bolts,

instructions for Raising the [4° TAOF Window Mount
Note that all following instructions apply to both fore and aft sides of mounting structure,
Remove top outboard bolts.
Remove top inboard bolts,
Pull bottom ¢ 1tboard pins,
Raijse outboard stde until bottom hole is in line with lower main frame hole.
Insert bottom outboard pins.
Pull bottom inbcard pins.
Raise inboard side until bottom hole is in line with lower main frame hole.

Insert bottom inboard pins.

. Insert and start top cutboard bolts.

. Insert and start top inboard bolts,

. Tighten all bolts,
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Ames Research Center Preflight Procedures

B = boarding time =T (takeolD) - 1/2 T = takeoff
B-2-1/21r 1. Clean pens on S/C and refill with paper
(or more) 2. Pump out vacuum jacket of dewar for 1 hour or Jonger

(should be down to < 10 u quickly).

B~ i-1/2hr 1. Fill with LN, {(don’t spill on preamp)
(or more) 2. Put dewar on telescope,
B—1hr 1. Check inventory of spares and tools
2. Review [light plan
3. Insert micro dot signal cable into dewar and preamp
4, Hook up other connections (#68 to relay, #67 to bias and pot, signal
BNC on rubber band suspension)
5.  Check adjustment of attitude meter
6. Close telescope dark slide
7. Turn on power and test electricity:
a. Is the chopper reference on their scope clean?
b. Test motor: Holeis at 3.1 on s/c and on DVM
¢. Test s/c event marker on switch box and test our microphone
d. Test ear plug by turning volume up and down
e. Check proper position of all grounding switches and standard
position of other switches.
f. Check calibration of sfc: = 2" from middle line = full scale of
Iihaco with s/c on 50 V F.8. and Var at the calibrated position
g. Measure ground power noise level (P/P) at detector
h. Measure noise level and frequency on scope of the output from
B-1 Amp
t.  Check dewar micro phonics by tapping on the top-front side
j.  Look for other noises (signal cable, motor, preamp)
B—~0hr Turn everything OFF, clean up area, and sit down.
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Ames 3-6 u Filter-Wheel Spectrometer

. Procedures

A.  DPreflight preparations

L,

-2

(73}

Pump on dewar lor 1 hr before filling

Dewar cool down LN; (2 hr before Plight).

Bolt dewar on telescope table (O-ring): dark slide cleosed
Balonce telescope

Check spares, tools, strip chart pens and ink, equipment

B. Inflight operations

1.

12

Equipment preparations

a.  Turn on amplifier and other electronics (after takeott
b.  Open dark slide
¢.  Set filter wheel at *pin hole™ -DVM = -1.86
- S/C 3.1
To keep arl.dcy - {(banana ground side down) or toward aisle.

Target acquisy i

a.  Set *Cuve” to elevation of Iirst ubject.
b, At acquisition of ohject: Center it in the field and verify limits of “*pin
hole™ and location for RB/LB.

(French procedures for manual control and then guiding on star.)

c.  Maximize signal by adjusting phase vernier. (Maximize on signal and null
+90° out of phase,)

Filter-Wedge Operating Procedures

a. At aconstant A, record signal for determination of guiding noise (RB/LB);
compare signals with “expected” values

b. Offset to sky location and record for comparison with “'a>

¢.  Repeat (1)and (2) toward end of acquisition periog

Data acquisition

a.  Start scans and set Amplifier Sensitivity to a reasonable value - = 300 pV.
OK if it pegs on **pin hole”,

b. Data scans: “Data Switch™ to “LB” or “RB” depending on Polarity aof
scan. (Zero position is used for “no data” or “bad data™ i.e.: if star moves
out of diaphragm.)
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¢.  Skip scans (2) nearby to look at flux problem
d.  Every 6-12 scans move object to other beam, change data switch (note
“zero’ during move and adjustment) and resume scans.,
{French procedure to manual control and then guiding on offset star).
e.  Goto "Cuve” and lock telescope before turn,:. Iind - 30 sec
5. Postflight activities

a.  After observing, empty dewar of LN, and insert copper rod.,

b,  Daily pump down dewar jacket to 1-10 u region {hopefully < 1/2 hr),

II.  Switch Setup for Normal Operations

A, Power stations numbers 2, 14, and 15 50 cycle power and outlet behind Meudon com-
puter rack

B. Hewlett Packard Strip Chart Recorder
1. Chart Speed (rotary selector switch, recor A1C)
2. Chart Drive (Start/Stop)
3. Power (on/off)
4, Channel 2 “DVM™ (Red)
Sensitivity (rotary) - 10V,
Var. (pot) - Fuil c.w.
Zero (pot) - pen centered at “5”
5.  Channel 1 *Amp Qutput” (blue or green)
Sensitivity (rotary) - 50 (Standardize and/or Record on 5/C)
Var, (pot) - full c.w.
Zero (pot) - pen centered at 5™
C.  *Kluge” Panel
Power {on/ult)
Motor (on/olT) (drives filter wheel)

GND onjfolf)
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D.

[thaco Amplitier

1.

3

4,

Amplifier D1 or E1

(on/off)
(+fol-)
Zero suppress (pot) {set ai zero unless using)

Meter channel (1/2) (1 is amplifier components on the left of the rack and
2 is the components on the right of the rack.)

Time Constant (rotary) - 100 ms

(Sig/Rel/Reset) (“*Ref™ checks chopper signal - approx 1/2 scale right de-
T flection.)

dby/Oct (Integ 6/ l_i__’)

(Filter/Reset)

Demodulator C1

Phase (pot, 0-180° vernier) Adjust to peak signal; should remain constant for
this configuration of equipment. (89°)

Phase (rotary) - 907; After adjustment, 0° and 180° will nearly produce zero
(Adjust themi to zero using higher gain; more sensitive)

Select 1721

Freq range (rotary) - 10-100 (Meudon secondary oscillates at 37 ¢ps.)

Amplifier B]

Sensitivity (rotary) - Adjust as appropriate and record setting on §/C, and/or
on microphone! (300 uV shiould produce noise on recorder of approx.
0.4 in. peak to peak, or 6uV at detector; preamp has a gain of 10X)

L

Select ON —=

Select low ['limit (10/100/1)

Select A/A-B/-B

“Data Switch™ (rotary) (RB/O/LB) - use as appropriate.

“RB™ is for positive scan - sets +5V signal on ADDAS and detlects event
marker on sfc
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[1L.

b. 0" is lor no data or bad data - sets OV signal on ADDAS and does not deflect
event marker on s/c

¢ LB is for negative scan - sets -5V signal on ADDAS and deflects event marker
on s/¢

NOTE: A Positive Scan is one where the scan
produces a positive signal i.e,. in the positive
channel of the phase. A Negative Scan is one
where the olbject iy it the “other beam™ and
so produces a negative signal.
5. *“Asservisement Mirror Vibrant™
Switch (rotary) - position 5 (throw 900" = 9')

Sy.ciirone (on)

Cable Cunreciions

Dewar-Preamp (Microdot low noise)

#67/Gimbaled portion - Preamp power (small banana plugs)
- Filter pot (Viking plug)

(15 pin cannon)
#68/Gimbaled portion - Motor for filter (amphenol)

{15 pin cannon)
#67/fixed portion - “Kluge” Panel/Pot & Bias (15 pin cannon)

(15 pin cannon)
Amp. output (bne) - Amplifier *B17/*A” signal (direct connection our gimbal)
#68/fixed portion - Relay box

(15 pin cannon)

Relay Box - 60 Hz outlet  Station #14

Relay Box - 28V Meudon DC power supply (Banana plugs)

Relay Box - *Kluge’ Panel/Motor drive (Viking)

*Asservisement Mirror Vibrant, Test” (bnc) - Demodulator C1/*Rel™ (hne)
Amplifier Di/output (bnc) - “Kluge™ Board-Amplifier Qutput/*Input™ (bne)

“Kluge™ board/Amplifier Output/s/c (bne) - Strip Chart/Channel 1/upper two plugs
fbanana plugs - ground lug down)

‘Kluge™ board/Amplifier OQuiput/T/R (bne-T) - }

{
- ADDAS #RC103 {bne) (Through /2 attenuator)
- Ampex T/R #DATA | (bno)
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Cable Connections (Continued)

*Kluge" board/Position/DVM (bne) - DVM/"Volts™ and “Common™ (banana plugs-ground
lug inbd) (or to strip ckart/channel #2/upnrer two plugs-ground lug down)

“Kluge™ board/Position/+5V (bne) - hand held switch box +5 (bne)
-5V (bne) - hand held switch box -5 (Ric)

Hand held switch box “‘event marker” (bne) -s/c (L.H. event marker on center wire, and
shield to chassis ground)

Hand held switch box - Ampex T/R (Special connector with transfermer to bne for CP100)

Hand held switch box ADDAS (bne) - ADDAS #RC101 (bnc)
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University ol New Mexico
New Mexico Training Plan

The New Mexico experimenters submitted the following EQ training plans to the manager
of the Joint Mission in mid-November, 1974, In subsequent negotiations it was agreed that training
woulld occur in either the February 3 to 13 or the March 5 to 15 period, depending on EO
schedules, Also, if convenient to both parties, a longer training period would be arranged at the
homw laboratory.

This plan was implemented tor the primary EQ (five days) trom Lurope and the secondary
EOQ (four days) trom the U.,S, during the week of Murch 9, The secondary EQ from Europe did not
train on this experiment prior to his arrival at Ames. Final training for all three LQs was completed
during the integration and clieckout period,

1t is notable that this training program puts primary emphasis on experiment operations, with
scicnee content implicit to the hands-on instrection, This well-iutomated experiment was relatively
straightforward in a singie operating mode, and well suited for grouping with two others under the
cognizance ol a single EQO.

Qut]ine of EO Triining

1. Training Period
A.  Place; Albuquerque, New Mexico
B.  Date: Preferably after February 15, 1975
C.  Duration: 2 nights (3 days)
. Objectives of Training Period
A, EO will accompany P.L. and Co-l. during two night’s ground-based observations
B.  LEO will learn to operate equipment without oral instructions from investigators
[If. Specific Operations EO will Master
A, Load cassettes for 35-mm camera
B.  Activate timing sequence on 35-mm cameru
C.  Unload exposed films [rom 35-mm camera
1. Load cassettes or 1o-mun camera
E.  Activate timing sequence for lae-mm cameru
. Unload exposed film from 16-mm camera

G Warm up high voltage power supply tor photomultiplier tube
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Outline of EQ Training {continued)

. Check inking of strip chart recorder

I.  Adjust sensitivity on strip chart recorder

I, Record dark current and recovder range

K. Turi image tubes onoand off

L. Operate filter changer

M. Complete checklist and data form for each night’s operation

Evaluation Criteria for EQ Training Effectiveness

1.

-

EQ should be able to operate ground-based equipment after training period in New Mexico,

Primary and back-up EOs should be able to operate aircraft installation after May 5-30
training period.

EQO should return usable data to investigators from checkout flight.

EO must return usable data to investigators during June 2-7 flights,

New Mexico Operating Checklists

The responsible EQ is expected to fill out a checksheat cach flight (checkmarks and all!) to be

turned in at end of simulation. The monitor checklist on page |76 1s ok together with the special
comments page, if uscd, The primary EQ is authorized to use the Abbreviated Ch :cklist, found in
back section of notebook, after first flight, As each checklist in the notebook is used, place it in
back of notebook and bring forward a fresh checklist, There are several extras for use during
pra~tice runs to enable the EO to get the feeling and habit of ¢l cking off items when performed,

b

The following items are to be handed down after each fight in data downlink:
One or two cassettes exposed 35-mm film
One or two rolls exposed movie film

One length of strip chart



Date:

Observer:

Please check boxes to the Jelt as you complete each item.

Preflight Procedures

It red line indicator on chart paper is over 75, replace chart paper.

With rate wheel on st.mdby (recorder need NOT be on), advance chart by rotating
wheel above rate wheel to veniy thal pens are 111kmg

Load movie nlm (it should be wamwd to room temp),

Lozul 35-mm tllm (it should be warmed to room tc.mp)

( heck: Dﬂlk slides closed on image tuhc

Check: Lens cover over photometer: #1 hlter in place.

Check settings on instruments and panels (sce information sheets if necessary},

Warm-up Procedures (as soon gs possible in {light)

Open plastic windows,

Turn on 60-Hz and 400-Hz power at overhead panel,

Turn power ON to hlgh-voltdgc power suppl}, (l.lr right nt panel),

—_———————

LTurn on strip chart recorder (bottom lelt).

L L Check: Dark slides down on image tubes.

Turn on current amplifier (push ON hutton)

Write date on strip chart rumdc

Turn on far nght tm.g,!c sztLhcs on image tuhc power supplics,

l xtmu d]'l(l mount movie cameru: plug in ac cord to 24-V transformer uutlc

Alt.uh molnu, hose {o lcns turret h: mdlc

Tum o1 ()UII’UI ot high- voltdw power supply (LV meter slmulr.l register
750 V).




Start-up Procedures (In dark skies after twilight, preferably during turn atter Venus run)

]

e e e - =

Turn recorder rate wheel downward to 1 min/in.

Remove input BNC comector to enart recorder,

Lift blue pen from chart; turn lower left red knob to CAL to get blue pen out
of the way,

Set zero on red pen by adjusting right top red knob,

Turn left top red knob to CAL to record range, then back to VOLTS; mark
*red range" on chart, __‘

Lower blue pen and lift red pen; turn upper left red knob to CAL to get red
pen out of the way,

Set zere for blue pen by adjusting hoftom right red knob.

Turn bottom left red knob to CAL to record range, hen back to VOLTS; mark
*blue range™ on chart.

Lower red pen,

Replace signal cable.

Check: Both pens down.
Both left red knobs to VOLTS.

Remove lens cap from photometer.

Turn filter-wheel switch to FORWARID position.

Mark one {ilter position on chart (fiiters should change 2very 20 sec)

Turn middle toggle switch on 35-mm image tube power supply to UP position
(light-emitting diode should come on).

Gpen dark slide on 35-mm image tube,

Check camera viewfinder for image, (If none present, go to ne . step and check
again after tirst expostire.)

Plug motor-cam ac cord into main power panel,

. . "

Record “Frame 1™ when event marker tipst registers.

Seeure curtain around window (using green tape if necessary, which should be
fairly light-tight),
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- e it e e i e s s —_

Turn on 16-mm unage tube (middie toggle switch UP).

Open dark slide of 16-mm camera image tube,

Verify image on image tube face by looking in at it.

Secure curtain around camera lens (use green tape if necessary),

Look through camera viea fiedes (very dim) to ensure that no part of cartain
occults ficld of view,

Secure curtain around window (using green tape il necessary .

Record “movie camera on™ on chart recorder as 16-mm timer is uctivated (power
toggle to ON),

Check solenoid to ensure proper contact with camera,

Fecl motor shaft to ensure film transport.

If any outside plane lights (other than wing-tip strobe lights) are on, request that
hiey be turned off,

Note: Landing lights, anticollision {lashing lights, and running lights have all been
left on at one time or anotner - all can be turned off (and should be!).

Next page is monitor sheet for evening, Record initial sky conditions there.

Set hand timer for ¥ hr.
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Monitor Checklist: (Performed every halt hour)

Date:
_ Look at chart; pens inking, filters changing.
__ Look in viewfinders for images.
_____ Check solenoid and motor shaft motion.
_ Record WWV signal on chait on red pen.
~— Fillin record below,
—___ Settimer for % hr.
Note: Be prepared to change 35-mm film when 0 frames is reached; change movie film
when 125 ft is reached (or anytime after 100 ft).
F6-mm 35-mm
Approx, It Frame
Time Counter Counter Sky Conditinns
I.
2.
3
4,
5.
6.
7.
8.
9,
10.
1.
12.
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ADDITIONAL COMMENTS - may be written below or on chart {in which case time does not need
to be recorded.

Approx,

Time Event

Note: Possible sky conditions: clear and dark (hope, hope!)

flying through ckouds (noted by seeing them in wing strobe light)
distant cirrus up to 6° above horizon

moon 45° from field of view

ete.
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Shutdown Procedures

Current amplifier oftf - push On button,

Cutput of high-voltage power supply off.

Power of high-voltage power supply off.

Close dark slides on image tubes and record “*image tubes off”’ on chart recorder.

Turn power off for botlt image tubes (all three toggle switches DOWN on both
power supplies).

Put lens cap on photometer.

Unplug ac cord of cam motor from main power panel.

Turn movie timer off (POWER toggle switch -- OFTF),

-

Remove input BNC connector to chart recorder.

Final range check on both pens; do not adjust zere vernier. Mark “‘red range™ and
“blue range” on chart.

Replace BNC connector,

Record tinal WWYV signal on chart, on red pen.

Turn off chart recorder; stow chart holder.

Rotate rate wheel downward to standby position.

Wait till filter #1 is in position, then turn off filter wheel motor.

Unplug movie camera motor cord from transfortner,

Remove movie camera (rom mounting plate and stow.

Turn off station power (60 Hz and 400 Hz) at overhead panel.
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Postilight Procedures (during refueling)

Remove gray cord plug from motor-cam timer and plug irto hand-held micro-
switch cord.

Using microswitch, advance {ilm to end of rol} (til frame counter reads 0).

Remove exposed film from camera and stow cassette in leather case.

Mark date and flight on outside of case on masking tape,

Plug gray cord back into motor-cam timer,

Get out movie camera and plug motor into 24-V transformer,

Turn 16-mm timer power to ON and motor to MAN,

Run through film to end of ro!l (125 {t in all).

Turn timer power OFF,

Tum timer motor to AUTO. Spare the motor by running it continuously as little
as possible.

Remove exposed [ilm to film can.

Tape shut (masking tape), and mark date and flight and film length if different from
125 ft on outside of can,

Stow movie camera, alter unplveging motor from transformer,

ST

Remove used chart from chart recorder; replace take-up reel.

Re-secure new chart end to takeup reel.

Turn in chart and films for data downlink.

Return unused [ilms to refrigerator.
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Loading 35-mm Film (during or between flights)

DO NOT LOAD FILM WHEN COLD: ALLOW TO COME TO ROOM TEMPER-
ATURE BEFORE REMOVING PLASTIC BAG.

Remove gray cord from motor-cam timer; plug into cord of hand-held micro-
switch.

Rotate two large knobs @ to Oven positior: (i1 thev are not already there).

Support camera back as you lift small nin {4} on -ide of camera back to open
and remove back.

Prepare take-up cassette by opening and ¢xtracting reel.

Remove tape from tail ot fresh fitm to be loaded.

Mannt fresh film cassette on left sicge by matching the dot under {ilm tail with
white line in camera, You should hear it click into place,

Push up knob @ under reel to secure cassette,

Note: NEVER OPEN FILM CASSETTES HOLDING UNEXPOSED OR EXPOSED
FILM.

Pull out film tail and attach m empty reel by entering tail in slot and taping it
down,

Place top of cassetie (with nameplate) over reel, aligning film in opening.

Put rcel and top into cassette bottom, sgain aligning opening with {ilm,
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Loading 35-mm Film (continued)

Important: Rotate flat-headed pin counterclockwise until you hear (feel) cassette
lock,

Mount cassette in right side of camera back, matching dot with white line - it
should click into place.

Push up knob @ under reel to secure cussette.

Remount and close camera back by entering tiny hinge on left side (at 90° angle)
and snapping shut on right side,

Rotate both knobs over reels @ to close position.

Using microswitch, advance three frames with thumb on knob 5 under right reel.
[f it moves, transport is ensured.

Note: Left re ‘' knob may not rotate til slack in loaded cassette is taken up.

Note: For lust [ilm advance, hold microswitell down 3 sec to ensure that camera
mirror returns down.

Rotate frame counter to 250, (It must be pushed in hard to catch frame counter.)

Plug gray cord into motor-cam timer.
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Loading lo-mm Camera (luring or between fights)

,@%>

I
L

o 5

k -

————————2

DO NOT LOAD FILM WHEN COLD; ALLOW TO COME TO ROOM TEMPER-
ATURE BEFORE OPENING BOX.

Plug motor cord into 24-V transformer.

- . —

Face side of camera such that lens is to your left,

Turn knob in center of camera body to lift off lid.

Check that pmqun pad mn @ is locked .md does not move,

Push lever @ between reel holders to eject any reels from camera,

Place reel of fresh film on upper spindle with tail coming {rom bottom to the
left (as mdu.dtcd by dotted arrows inside camera).

Cut off end of film Jiagounally between two perforations with film knife @ or
scissors, Rem. ve cut off piece.

Rotate leves @ counterclockwise (downward) 90” to ¢lose film loop formers.

Turn OFF motor switch of 16-mm timer.

Turm ON power switch of timer.

Push film tail into metal slot O and toward uper sprmkul

Turn motor switch ol timer to MAN and push -11uttcr rebease badk to leed lilm
through camera and moduu end for take- up ILL[

PLL/’ Sk PR()II { T \‘lOIOI{ BY I"UR’\HN(: OFI WHEN ’\I()l" IN US‘I !

Turn 0[ l motor switch on timer,
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Loading 1o-mm Camera (continued)

Press knob @ to open loop formers.

Insert film end into slo in take-up recl, Bend over and rotate to take up slack.

Insert reel on lower shaf* and rotate to take up slack.

Note: Slack in upper reel is normal,

Final check: Turn motor to MAN and run through a few frames to ensure proper
[ilm transport and loops.

Replace lid and lock by turning knob clockwise.

Advance 5 more feet through camera; frame counter will move (very slowly!)
from ft to 0.

Turn OFF power switch of timer,

Important: Turn motor switch of timer to AUTQ,

Stow movie camera,
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New Mexice Components

Information Sheets to the following components appear on the next pages:

Current amplifier

High-voltage power supply

l6-mm Camera - image tube system

16-mm movie camera timer and transformer
IR Photometer

35-mm Camera - - image tube and timer system
Back-up 16-mm timer (formerly 35-n:m timer)
Strip chart recorder

Image tube power supplies and image tubes

The notations A, B, and C refer to the locations of spare parts as  llows:
A.  Storage area in back of low-boy rack on which equipment is mounted.

B. Upper storage cabinet across the aisle,
C. Lower storage cabinet across the aishe,

Current Amplifier

’————SUPPF{ESS{ON—-——"—]
Y

POLARIT
GAIN RISE TIME
108
FINE
)
OFF 300
INPUT ZERO ADJ OVERLOAD PUSH NN OUTPUT

O O O 0O O

Cable Connections

1. AC cord to main power panel

L

Signal cable (BNC connector) from input to end ol photometer (S16)

Y

Sigaal cable (BNC connector) from output to strip chart recorder input
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Controls

1.  Gain - 108

to

Suppression - OFF

3. Polarit
not in operation, since Suppression is OFF; ignore
4. Fine

wh

Risetime - 300
6. Zero adjust — preset; do not change
7.  Qverload — should not be lit

8. Push On - OFF (not lit)

In Operation

1.  Push On — ON (lit)

1 Overload Light Comes on and Stays on:

1. Reduce Gain to 107 (or lower if necessary till light goes off),

2. You are probably looking at something very bright, COVER THE IMAGE TUBES till you cun
assess the situation.

3. If you reduce gain, decrease sensitivity of chart recorder pens accordingly (by increasing
setting on left black knobs by a factor of 5 to 10, such that signals are on-scale and readable).

4, Ifany of the above occurs, mark it on the chart.

In Case of Failure

1. Check Y4 amp fuse, top of back panel. Spare fuses, green toolbox (B).

2

Check that unit is plugged in to main power pancl,

3. No backup unit is available.
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High-Voltage Power Supply

244 HIGH-VOLTAGE SUPPLY

VOLTS

600 140 {

POWER
KILOVOLTS QUTPUT OVERLOAD |

] @ 0 O @®

Cable Connections

1. AC cord to main power panel

2. Cable (high-voltage BNC connector) from Qutput on back panel to end of photometer (HV)

Controls

. Voltage setting — left knob: 600V
middle knob: 140V
right knob:  at marked position

2. KV meter— 0
3. OQutput ~ OFF

4. Qverload - not lit

N

Power .- OFF

In Operation
1. Power - ON (power lisht lit)

il

2. Waitone minute after power is turned on, then Qutput - ON
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XH

KV meter ~ 750V

It Qverload Lizht Comes on and Siays an:

Turn Qutput and Power OFF and remove HV cable from photometer.,

Try turning on BV ower supply again. [T it does not overload this time, reconnect cable to
photometer, aiter snutting down again.

With photometer connected again, turn on HV power supply. If it does not overload now,
continue with normal operations,

I it again overloads, replace high-voltage cable with spare (A).

It it still overloads, sce below,

In Case of Failure

12

5

KV meter does not register when Output is ON, and no signals show on chart recorder pens
when photometer is uncovered,

Check that unit is plu -+ mnto main power panel.

Change to backup high-voltage power supply (mounted directly above primary in low-boy
rack) by changing cable at rear of supplies from back of rack.

Turn on backup anit by rotating switch at left from OFT to Standby ; w=it one minute, then
rctate to ON., Voltage is preset to 750 V.

1f both units fail, shut down photometer system.

When on the Ground

I,

Check 3/4 amp fuse on back panel by reaching i behind rack. Fuses: green toolbox (B) -
use | amp fuse as replacement.

If this fails, try changing regulator tub 890% (spare in A). This will entail removing unit from
rack. While unit is out, check that voltage selector switch on back parolisat 117V,

If this fails, try changing fuse and regulator tube 6AVSGA (A) in backup unit to try and get
it operating,
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To-min Jamera - Image Tube Sy stem

FRAME
I /CDUNTER
VIEW FINDER l]: DIAPHRAGM
~LEVER
1T
SPRING MOTOR __ q o | camera
ENGAGE LEVER | 0 { LENS
f
P J
FOOT COUNTER -~ xposuRE
TO MOTOR OUTLET
OF 16.mm TIME. 1 @
STOP \ ~ | T FumseeeD
L=y
'l
: TO SOLENOIL QUTLET
/ U OF 16:mm TIMER
j SOLENDID SDG“DE
MOTOR SHAFT FRAME TO 16-mm
CONTROL IMAGE TUBE
POWER SUPPLY
IMAGE
TUBE

Cable (onnections

I.  AC cord ITom camera motor to Motor outlet on ieft side of | o-mm timer (motor requires
12V de, not 120V)

14

Solencid cord to solepoid outlet on right side of 16-mm timer

3. Image tube wires to middle channel of 16-mm image tube power supply

Controls

1. Spring motor engage Jever — O (partially concealed under top left comer of motor) O means
off; MOT engages spring motor,

[

Foot counter - 0 when loaded with fresh film
FT when not loaded

3. Frame counter - inoperable; ignore

4. Diaphragm lever O (in full UP position; wide apen)
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5. LExposure - T (T for time exposures, | lor instantaneous)

0. Film speed - 24 (although set at 24, this is not used)

7. Frame control - STOP (P is for single frames: M for continuous filming)

8.  Camwera lens:
Outer knurled knob - 0.95 (sets F-stop: normal position is full counterclockwise at F/.95,
wide open)
Inner knurled knob — 1.65 {t (the focus; it is taped down and hopelully wiil not need to be
moved)

9, Image tube input lens:
Quter knurled knob — 1.2 (sets F-siop: norma’ position is tul) counterclockwise at F/ 1.2,
wide open)
Inner knurled knob — 4.45 tt {the focus: it is taped down and hopefully will not need to be
changed)

0. Dark slide — always DOWN, except when in operation with no moon and no twilight in ficld
of view (dark skies)

In Operation

I.  Solenoid clicks audibly about once every 2 sec.

2. Foot counter advances very slowly (about 25 ft in %2 hr), It only registers to 100 {t, but (ilm
roll is 125 it long, so lust 25 ft will be run through with no indication.

3. Dark slide — up position.

4. Solenoid contact rests behind frame control knob in STOP position. 1t pulls knob to P posi-
tion on each exposure,

5. Motor shaft can be seen between moter and camera body: one can observe that shaft with wire
wrapped around it is turning.

6. Image tube has green image on oatput face.

In Case of Failure

Soleneid not clicking:

l.

~

-

Check that solenoid cord is plugged into left side of 16-mm timer.

Check that burst, interval. and range controls ol timer have not been altered,
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3.

Check that timer red light flashes twice for each exposure (each two seconds). If not,
sce "I case of failure” section of 16-mm timer sheet.

Foot counter not advancing (motar not running);

t.

12

Look at motor shaft between motor and camera body to see if motor is turning. If so,
continue normal operations.

If motor is not turning, check that motor is plugged into left side of 16-mm timer.,
Check that lights toggle switch is on 12V dc.
Check that motor switch is on AUTQ,

Check 10-amp fuse, top left corner, back panel of 16-mm tiraer; spare fuses, green toolbox
{B).

If none of this works, shut down. When on ground you may install backup system as follo s:

Backup for motor:

l.

[ u]

6.

Remove failing motor; universal joint pin and wire clip must be bent to detach motor from
camera.

Install spare motor; bend wire clip to lock universal joint.

[f this faus to operate properly, remove motor, and install hand crank (B).
Wind.

Rotate spring motor-engage lever {o MOT,

Film loading is essentially unchanged.

In this mode, camera must be wound every 20 min, (Do not shut off system to wind —
winding does not interrupt exposure sequence.)

If system is badly out of focus:

1.

I

Lift up tape on image tube input lens and check that inner knurled ring is at 4.45 11, If not,
set it und retape,.

Lift tape on camera input lens and check that inner knurled ring is set at 1.85 ft. If not. set
it and retape.

IT tnis does not solve problem, consult with PIT,
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16-mm Movie Camera Timer and Transformer

[ .
120v 12v
AC bC Q on (€2 oFF
LIGHTS POWER
INTERVAL BURST
TN ~ T~
FLUG FROM 24V MOTOR /1 \ / \ SIDE: 2 QUTLETS
TRANSFORMER *% \ D ] ﬂ /l ~ FOR 50LENOID
2' J \ CABLE
- 12 e 26
oN-BELAY | 12 1
RANGE
sEcx 1,7 T\
MOTOR { | CAMERA
\ /
~—
AUTO OFF MAN AUTO MAN
TO MOTOR OF
16-mm TIMER

24V TRANSFORMER

=l
—;:'Iﬂimm CAMERA MOTOR

Cable Connections

1.  AC power line to power panel, via stablizing transformer.

I3

Solenoid cable from 16-mm platform to either outlet on right side marked Solenoid.

w

AC cord from 24-V transiormer to motor outlet of 1 6-mm timer,

Controls
1. Lights — 120-V ac (this toggle switch never moves).
2. On-Delay — preset; do not change it,

3. Motor -- AUTO, This three-way toggle controls the power to motor outlets on leflt side. MAN
gives continuous power, AUTO gives power controlled by timer.

4, Interval — ~ 2, This preset dial controls frame rate; do not chang - it.
5.  Burst - ~ 1. This preset dial controls exposure: do not change it.

6.  Range — SEC X 1, This dial chooses range for interval control,

7. Camera -- AUTO, Two-way toggle switch: do not change it,

8. Power - OFF.
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16-mm Movie Camera Timer and Transformer (continued}

Operation

Power - ON,

AC Cord trom 16-mm motor into outlet of 24-V transfurmer.

Motor may be in MAN or OFF for some parts of film-loading sequence; when finished, it
should be left in AUTO.

Red light at top center flashes twice between exposures,

In Case of Failure

If solenoid is not firing:

l.

-

Check that solenoid cable is plugged into right side of timer,

Check that range, interval, and burst controls have not been altered.

If red light is not flashing every two seconds, check 5-amp fuse, top right corner of back panel
(fuses — green toolbox, B).

Check that entire unit is plugged into ac power , anel, via stabilizing transformer,

&

If none of this works, go to backup 16-mm timer system.

Backup 16-mm timer system:

1.

Y

Extract and load spare movie camera with hand crank.
Transfer camera lens to spare camera.
Mount and wind spare camera.

Remove plug [rom solenoid outlet of 16-mm timer and plug into solenoid outlet of backup
16-mm timer (formerly 35-mm timer).

Activate timer by turning power switch ON.

In this mode, movie camera must be wound every 20 min. You need not shut off anything to
wind; winding does not interrupt exposure sequence.

In case the above backup timer fails, see “In case of failure™ section of backup 16-mm timer
{formerly 35-rvm timvr) information sheet,
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IR Photometer

FILTER WHEEL

TO INPUT OF
CURRENT

AMPLIFIER

TO HIGH VOLTAGE
POWER SUPPLY
OQUTPUT

TO AC PANEL

Cable Connections

1. Filter-wheel motor cord to main ac panel

2. Signal (SIG) cable (BNC connector ) from end of photometer to input of current amplifier,
left side of front panel

3. High-voltage (HV) cable (high-voltage BNC connector) from end of photometer to output of
high-voltage power supply, back panel.

Controls

1. Filter-wheel motor - OFF (center)

2

Filter indicator - #1 filter

3. Lens cap covering front of photometer

In Operation

1. Filter-wheel motor — FD (forward). Filters will change every 20 sec.

2. Lens cap removed from photometer,
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IR Phorometer (continted)

In Case of Failure

1. Check all cable connections.

2. No backup unit available,

35-mm Camera - Image Tube and Timer System

MOTOR-CAM TIMER

TO EVENT MARKER
O“’—— OF CHART RECORDER

TO POWER PANEL Jeme——

("] M
EB JU[‘;%EON C> IMAGE TUBE

BATTERY PACK |

TRANSFER LENS FOSITION

MANUAL
REWIND

TO IMAGE TUBE
POWER SUPPLY

EXPOSURE

CONTROLS MANUAL

WIND

Cable Connections

7. Image tube double wire to middle channel of image tube power supply

12

Cable from front of camera to M (motor) of junction box

3. Cable from B (battery) of junction box to battery pack
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35-mm Camera - Image Tube and Timer System (continued)

4. Cuble from other ead of junction box to motor-cam 35-mm timer

5.  Cable from motor-cam timer to event marker of chart recorder

6. Power cord of motor-cam timer not plugged in, since the unit has no on-off switch
Controls

1. Camera lower panel — Left knob to L (this is not in operation), exposure control to S (single
framing), frame counter to 250 if loaded with film

[

Camera top panel -- Both large knobs to CLOSE if loaded.
Manual rewind (left) — not in use; ignore.

Exposure dial — 1 sec,

Next knob to right - A.

Manual wind — not in use; ignore.

3.  Image tube dark slide — DOWN.

4, Image tube input lens — Outer knurled ring — 1.2 (fstop, wide open)
inner knurled ring  5.25 It (taned down)

In Operation

i. Motor-cam timer plugged into main power panel

2. Image tube dark slide up

3. Camera exposing for 1 sec every minute

4. Event marker on chart recorder registering for cach exposure

5, Frame counter decreasing {from 250 with cach exposure

In Case of Failure

No image visible through viewlinder:

1. Check that dark slide is up on image tube.
2. Check that image tube is plugged into power supply and that power supply is on.

3. Mirror sometimes sticks up, blocking viewfinder. Listen to exposure seguence to try and
determine whether mirror comes down.

4, Go to *In case of [ailure” section of image tube power supply sheet to determine whether
power supply is delivering voltage.
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35-mm Camera - image Tube and Timer System (continued)

5.
will entail refocusing.

Camera not firing each minute:

If power supply is OK, you may remove camera to look in at image tube face, However, this

1,

t2

>

Check that motor-cam timer is plugged in and cam is rotating,
Check connections betwsen timer, junction box, battery pack, and camera,
Check settings of controls on camera,

Change batteries in camera battery pack (fresh batteries, A).

If badly out of focus: Consult with PI.

Backup 16-mm Timer {formerly 35-mm timer)

10-amp FUSE 2-amp FUSE
LIGHTS DELAY BURST
ON @DOFF © © AUTOC@ MAN
POWER CAMERA
TN TN
//00 A L e
LIGHTS 4 e 1(\A> J 2\\.4) J
120V AC - N S
RANGE INTERVAL
LIGHTS SOLENOID
AUTO @ MAN O
OFF
Cable Connections N

1.  AC power line to main power panel
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Backup 16-thm Timer (continued)

Controls

. Power - OFF

2. Lights - OFF

3. Range - SECX ]

4, Interval — 2 (preset; do not move)

5. Burst — adjusted to keep solenoid energized 1 sec per exposure; do not change

6. Camera — Auto

7. Lights delay ~ full counterclockwise (OFF})

In Operation in Backup Mode

1. Power — ON

2. Solenoid plug from 16-mm solenoid plugged into solenoid outlet

In Case of Failure

1. Check that solenoid cable is plugged into solenoid outlet.

2. Check that range and interval controls have not been altered,
3. Check 2-amp fuse, top right corner of back p.unel.

4, Check that unit is plugged into power panel,

5.  Check that burst has not been altered.



Strip Chart Recorder

TO OUTPUT OF CURRENT AMPLIFIER

1 DAMPING
O O
O 1 GAIN

; O

RED O DOT CAL VOLTS mV VERNIER
2
DAMPING
O O
O O GAIN
. -1
BLUEODOT CAL VYOLTS mV OVERN[ER O
| LAMP FUSE |

| BEHIND CHART
TAKE UP REEL

!
{ON BACK OF RECORDER) |

O MIN/INCH

I
i EVENT MARKER INPUT
|
|
|

STAND
RELEASE LEVER 8Y
FOR CHART
RECORDER
| JOFF oON |
| (BOTTOM LEFT) J

Cable Connections

l.  AC power line to power panel

2. BNC connector from inputs (connected in parallel) to output of current amplifier

3. Event marker cable from back of recorder to camera outlet of 35-mm timer

Controls

I. Top Panel (Red Pen)
Left black knob | (sensitivity ; sets full-scale voltage)
Left red knob - VOLTS
Right black knob - Q-1
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Strip Chart Recarder (eontinued)

k]

Right red knob - to be set in flight (zero adjust)
Damping and gain - do not alter

Botton Panel ( Blue Pen)

Left black knob — 2 (sensitivity; sets full scale voltage)
Left red knob  VOLTS

Right bluck knob -- Q- 1

Rieht red knob - to be set in flight (zero adjust)
Damping and gain - preset, do not alter

Min/inch — standby (rate wheel)
Power - OFF (bottom left corner o, recorder)

Chart stowed in vertical position

In Qperation

1.

12

4,

Power — 0N
Rate wheel - 1 MIN/INCH
[f all blue signals are below 40 percent of full scale:

Top left black knob may be set to 0.5
Bottom left black knob may be set to 1

(If done, mark it on chart)

Chart may be pulled out to tilted position by pressing release lever above on-ofl switch.

In Case of Failure

If pen stops inking:

td

Apply suction to pen tip with small plastic bottle (taped to side of recorder) to start ink

flowing.

if this fails, change ink cartridge as follows:

a.  Remove chart by depressing release lever, lifting 90° and pulling straight out,

b.  To get other pen out ol the way, turn its left red knob to CAL,

Le)

[f in flight, remove input BNC connector to stop pen motion.

d.  Remove cartridge trom ink stem, directly behind pen (pull down).

¢e. If not empty, replace it and clean pen tip with uny wire (red case, A) and again apply

suction to pen tip with bottle,
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Strip Chart Recroder (continued)

f. Il empty, insert new cartridge (red case, A), being sure to push it up over wide top of
ink stem.

g, Holding Kleenex under pen tip, prime by squeezing bulb adjacent to cartridge and/or
apply suction to pea tip to pull ink through to pen,

h. If the cartridge was empty, second pen will be nearly dry also, so change its cartridge
too. (Event marker has [iner tip. its ink will probably last longer.)

i.  Replace chart by entering it horizontally into slots and swinging down to vertical posi-
tion.

j. Check: both pens down; both left red knobs on VOLTS.
k. On chact, mark “Chart stopped to re-ink™,

. Align red pen with inch-mark and record a WWV tin on the minues - mark **Start
chart™ on chart.

m. Replace BNC signal cable.

If event marker pen stops inking:

1. Do not bother to change carr ** . . «ugiht: monitor frame counter or viewfinder of 35-mm
camera each half-hour to veri, - - camera is operating.

t2

When vn the ground, re-ink event pen {ollowing same general procedure outlined above,

3.  Event marker pen tukes special ink — oae new cartridge is in small plastic bag (cardboard
box, A),

If afl blue signals drop helow 40 percent ol full scale:

1. Increase each pen’s sensitivity (left black knob) by decreasing setting one position in counter-
clockwise direction,

tJ

Mark new setting on chart (Example: “Red - .5V: Blue .- 1V™),
3. This procedure may be repeated if blue signals again dron below 40 percent of full scale,

4, If this is done, check that blue signal stays on scale for #8 filter (i it doesn’t, return to pre-
vious setting).

200



Strip ClI'-:»t Recorder (continued)

No signal showing on one or both pens (but recorder is operating):

L

.

Cheek that filter wheel is not on #1 position.
Clieck that lens cover is ofT of photometer,
Check dial settings on panel,

Clieck that BNC cable is properly connected.
Try reversing pelirity ol bottom alligator plug.
Try reversing polarity of top alliginor plug,

Check that high voltuge power snpply cicws nutput. (If not, see high voltage power supply
sheet.)

Check cable connections. High veitage power suppiy — photometer = amplificr = recorder.

Chart paper binding and tearing:

1.

Y

At bottom of chart holder, chart must pass through slot, not through bottom roller,

You may want to simply tear oft chart and start again,

Failure of whoele recarder:

1.

Check T-amp fuse behind chart take-up reel (spare Tuse, green toolbox, B

Check power cord plugged into power panel.

If none of this works, turn off recorder and move signal cables over to backup recorder:

"
-

0.

It is already plugged in to power panel.
On-off switch is in upper right-hand corner.
Go through same start-up procedure as with primary chart recorder.

During 15-min warmuyp period, put ink cartridge (red case, B) on red pen (see re-inking pro-
cedure above)., Blue pen wiready has ink cartridge: it may need Lo be primed.

Do not ink up event marker pen until on ground and repairs on primary recorder are not
stceessiul,

In all other respects, this recorder is identical to the primary recorder,
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Image Tube Power Supplies and Image Tubes

by AY
y i S___/-"VOLTAGE CHECK POINTS

Cable Connections

, , VOLTAGE ADJUST
1. AC cord plugged into main power panel. POINT

2. Double wire from Iront pin of middle channel to image tube,

Controls

1. Power - OFF (right on-off toggle switch down)

[ $5]

Middle toggle switch — OFF (down)

Left toggle switch — OFF (down: this channel is never used)

> oW

Ymage tube dark slides down

In Operation
1. Power -- ON (right toggle switch up)

b2

Middle *nggle switch — ON (up; light emitting diode should be on)

LFY]

Image tube dark slides up

4, Green image on [ace of images tubes

In Case of Failare (Check Power Supply First)

TO MAIN POWER
PANEL

1. With digiral voltmeter rB). check voltage between the indicated ~heckpoint. It should be the

value listed on power supply to £ 0.03 V.
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Image Tube Power Supplies and Image Tubes (continued)

2. It not, replace image tube power supply with spare image tube battery pack (A).

3. When on ground, with voltmeter at voltage check points, adjust at voltage adjust point with
tiny serewdriver (green toolbox, B) to see if desired voltage can be obtained,

4. If not, defective module can be replaced by spare (A) at instruction of P,

5. Do not use left channel of power supply as it does not supply correct voltage,

No image on image tube face:

1. Check that dark slide is up.*

2. Check that input lens is not stopped down. The outer knurled ring which sets the f-stup

should be at 1.2
3,  Check the power supply as indicated above.

4. Il none of this works, shut down, Replacement image tube can be installed on the ground at
instruction of PI.

*For 35-mm camera, check that mirror is not obscuring image tube face. Conne! aicroswitch to
camera and cycle once, holding it down for several seconds, rather than immediately releasing it.
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Abbreviated Cliecklist (for primary EQ)

Date:

Observer:

See detailed checklist for preflight and postfiight procedures.

Warnt-up (as soon as possible in flight)

Open plastic windows

Power on -- high-voltage power supply

Amplitier on

Recorder on -~ put date on chart

Image tube power On {first switch)

Mount movie camera: plug into 24 V transformer, secure air hose

Qutput on - high-voltage power supply

Start-up (in dark skies, preferably during turn after Venus run)

Recorder: | min/inch

Remove signal cable, set zeroes, and record ranges

Lower pens

Replace signal cable

Activate photometer and filter wheel

Activate 35-mm image tube and camera (plug in motor cam)

Activate 16-mm image tube and camera (check solenoid and motor shaft)
Set timer

Record sky condition (next sheet)

Shutdown

Amplificy

HV power supply off {output first, then power)

Dark stides down; lens cap on (record on chart)

[mage tube power supplies all off

Shut down movie camera, unplug from transiormer and stow
Shut down 35-mm camera (Unplug motor-cam timer)

Final WWYV signal: chart to standby and OFF

All power ol at overhead panel

204



University of Southampton
Nikon Camera and Timer

The Nikon consists of a lisheye lens, a 35-mm camera body and a motor drive back, all mount-
ed onto a circular plate, which locks to a mounting plate suspended from the Zenith window,

Fisheye Lens

This is a 180° field of view lens with a maximum aperture of {2.8, It is attached to the camera
by first removing small end cap by rotating clockwise and checking lens is clean, then pushing but-
ton and aligning dots as in figure 1 and then rotating in direction ol arrow. The lens will positively
lock when button is not depressed. Set focus to infinity pt | in ligure 2, Set filter wheel to L1A
on 2 in figure 2. Set pt 3 in figure 2 to {2.8.

Figure ]

o

4 Figure 2

Camera Body {fig. 3): Loading, Mounting, and Installation

Rewind previous film if necessary.

1. Set advancefrewind ring to rewind.

2. Unfold rewind handle and wind in direction of arrow until tension

is Jost and red dot in shutter release stops turning. Film is now
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rewound. Return handle and turn R/A ring to A. Remove motor ”-
back by undoing open/close D-ring on underneath, Remove film
and place in light-tight contamner.

0

3. Came.a mirror in up position. (Check by no image visible in
viewfinder, After firing one shot and with lens removed.)
4. Motor back controls set as in fig. 4. MIRROR LOCK
5. Load new film in subdued light as shown in figure 5. Ensure Rigure 3
sprockets at A engage in holes and lug at B also engages, Wind on
and fire manually until C reaches upper sprocket D. Now replace
camera back and n ove D-ring underneath to “close” position, Now
wind on and fire manually till frame counter reaches 0.
6. Mount camera on circular plate on opposite side to handles.
a. Slide camera under plate,
b, Do up screw,
¢. Slide on dlip firmly.
d. Do up butterfly nuts on other side. 3
¢, Insert short cord through slot and plug into motor-back power T
socket, S .
7. Toinsert camera into window: ‘
a. Remove lens cover, put it away and replace when removing MTTAR L STTOL TN
camera again,
b. Check lens is clean. Figure 4
¢, Check number of unexposed pictures is sufficient.
d. Check Zenith window mount has locking clips.
e. Grasp by both handles and insert into Zenith window mount,
and rotate bayonet lock so arrows align.
f. Hold in place with one hand and insert locking clip with other
hand, by placing into hole and rotating till it locks (irmly.
. Do up other clip.
h. Check Nikon timer “camera” switch is OFF. o e N
i. Connect short cord to extension lead. (Camera will wind on if I = Feeme  omi
required and timer power is on,) : [ Fo
i i
Reverse procedure for camera removal, furd N "
I, - B L.,
Note: Do not leave Nikon in rool mount during the day for extended
periods as it will become excessively hot, Figure 5
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Fig. 6 Sample Nikon Log Sheet

Flight No, 5-First Sheet Date 3June

Flim Type Kodak Inlra-Red Ektachrome 36 exposures.
N.B. Change film if less than 20 exp. left.

Time of Exposure/ | Exposure Delay Comments
Exposure No. Time Time
19.00/10 16 min 2 min Sky clear, still twilight, Start.
20.04/14 STQOP
20.10/15 20 min 5 min Sky clear, dark, photometer

indicates low light level, Sturt.
01,10/27 STOP. Landing imminent.
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Nikon Timer (fig. 1)

1.

[ 9]

Lt

wh

O,

l)'

Check camera switeh is OFF,

Plug in XLR plug into camera ofp socket, NOTE: This is a moditied LNE plug and must not
have mains used on it!!!! (Camera will rewind if necessary.)

Cheek power on rack power panel is ON (keyswitch and neon indicator).
Turm ON power switch (neon indicator),

Connect 100-Hz TTL compatible if available from integrator electronics to “ext™ BNC “ski™,
with “int' i“ext™ switch at “ext”; if not available, turn to int/ext™ switch to **int™).

Set desired time units {e.g., secs/mins switeh to mins, all numbers now refer to this unit: muiti-
plier to X 2, a setting of 2 min now becoming 4 min). NOTE: “Expose time™ and *‘intershot
deluy™ LEDs show which operation is in process.

Set *LExpose time,”

Set “Intershot delay.” such that “expose time' and “Intershot delay™ is repetition rate.

Press reset button, which starts an intershot delay period when released, so arrange to give first

exposure at desired time. (This may be inaccurate if’ used on short times with *int™ clocl, so
wait one ¢ycle before executing # 10.

FQ. Turn ON camera switclh,

11, Note time of first exposure on log sheet (fig. 6).

Photometer Operating Proceduie

Photometer Head

i. Assemble photometer with desired filters, detector and amplifier. NOTE: If lead sulfide
cell (PbS) is in use, a cover s required over the photometer at all times in daylight.

2. Check batteries if PGS cell is in use (90 V).
3. Replace amplifier batteries,

4. Check photometer wheel free and clear.

5. Check cabling,

6. Cover photometer.

Chart Recorders

1. Check inks and paper.
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Photonicter Qperating Procedur:
{Continued)

Control Racks

1. Select lock in.

)

Check wiring according to appropriate diagrams.

3. Turn on [thaco it in use. NOTE: If Nikon not required, turn camera switon which is on the
Nikon timer OFF,

4, Check main power switch on power panel is onat 110V (keyswitch with neon indicator),
5. Turn ON Nikon timer/lock-in amp power {neon indicator).
6. Turn ON chart recorder and use zero contro {and offset on lock-in if necessary to set zero),

At Photometer Head

1. Check red LED glows in reference unit.
2. Switch on amplifier (and PbS cell if in use).

At Control Rack

I. Reset zero.

2, Set scale (time constants if Ithaco in use) on lock-in and chart recorder to give suitable noise
signal, (If rack lock-in's in use, check with oscilloscope that the signal is not overloading at
output, If Ithaco is in use, check overload light stays ofl - it comes on temporarily il range
is changed),

At Photometer Head

1. Remove cover (not in daylight if PbS cell} and with diffuse incidence of torchlight check
photometer is working at control rack.

Check Phasing
1. Maximize signal on meter if Ithaco is in use, or view an oscilloscope if rack lock-in is in use,
Adjust by undoing locking allen screws on back of reference box and turning small slot
screw drive to obtain a maximum in phase signal on the scope or maximizing chart recorder
displacement,
2. Remove torch.
Lock-In
1. Set scales, time constant, and zero again if necessary.

2. Photometer should now be running.
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Photometer Operating Procedute
(Continued)

3.

4.

Note time and date on log sheet (fig. 7), and mark position on chart recorder.

During flight, inspect every 30 min and alter lock-on gain, chart recorder gain and time con-
stant as required, Note any changes in log,

At End of Flizht

1.

Note date and time, and mark position on chart recorder.
Switch off chart recorder,

Switch off photometer motor,

Switeh off Ithaco lock-in.

Switch off Nikon timer/lock-in if Nikon no longer in use.

Switch off rack power panel (keyswitch) unless any other rack functions are still required.
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Fig. 7 SAMPLE PHOTOMETER LOG SHEET

Reduced Time Constant.

, Flight No. 5 Dat. 3June
i
| GAIN SETTINGS TIME
FILTER i DETECTOR PRE-AMP | LOCK-IN | LOCK-IN| CHART |CONSTANT | TIME COMMENTS
]
IR. 1 i Silicon 1 Ithaco 10mV : 120mV 3 secs. 19.00 1Start of flight-new battertes
| Diode 1
" 30 mvV 120 .Y 20.30 [Overleading-reduce gain
i
A ¢ — .
1 sec, €¢1.10 |Fine fast fluctuations on TV.




Meudon/Groninger
Operational Procedures

Summaries of operational procedures attached to vach rack are reproduced below, follnwed
by the more detailed procedures prepared by the experimenter team,

GROUND PROCEDURE

400 Hz 115V : ON

2BVDC : ON

4 fans, 2 wave tek, | scope : ON

2 regulation de temperature ON )

Rack no. 1

ChaufTage gyro : Switch ON (Command panel)

Pump water in cavity il any
Take outside cover off
Make aircraft tidy, tighten tools, parts . ., etc.

Start computer procedure

Analog tape recorder on load tape
Identify carefully new tape : Time, date . ...
Video tape recorder ON v ”

T k] ” "

Paper recorder (Allco) ON check roll of paper
Write comments
Check speed, pens, sensitivities

Check helium pressure
Preamp ON

Diff. Amp. + P.A,R, ON
Amplisolator units ON

Check noise level on scope and paper
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TAKL OF]- PROCEDURLE

Chautfage gyro OFF on conumand panel
Push "asservi cuve”

Check helium pressure
Keep aircratt tidy
Chegk again outside cover and water

Take a seat. Tasten seat belt .. ..

TELLVISION PROCIDURE

Check sky brightness

Suiveur de spaot ON
Colfret de voics  ON
2 manitors ON

Adjust high voltage on Nocticon
Adjust Tocus only il it is really necessary
Adjust reticte illumination and position

Push “Depart™ on suiveur de spot
Check window on TV monitor
Adjust window size (Example: 55)
F . e i
POWER FAILURI: PROCEDURE

PDP 11 program restart automatically

TRACKING FAILURE PROCLEDURE

Push **Asservi cuve™
Crrasp telescope it servo is ineliicient

If turbulence is very strong:
Altm Toupie  OFF
Lock telesgope Withi
) thin 10s
Asserviss. X OF H »
Asserviss, Y OIT-

....continued
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TRACKING FAILURE PROCEDURE
{Cont.)
If flight is smooth again:
Asserviss. X ON et
Asserviss. Y  ON Within '0%
Unlock telescope

Check elevation for a new object

Restart inertial pointing procedure
Restart object acquisition procedure

END OF FLIGHT PROCEDURE

Scanning OFF
Push “Asservi cuve®
Toupie power OFF
Wait for 3 mn
I
Lock telescope (manually) [
Asserviss, X OFl Within 10s
Asserviss. Y OFF S
Spot follower OFF
Television OFF
5 det. synchrone OFF
2 alim mot, couple OFF
Miroir secondaire OFF
28 volis OFF
400 Hz OFF
Computer OFF
60 Hz OFF

50 Hz OFF END
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Flow Diagram ot Meudon/Groningen Fxperiment Operalions

e e T - 3hr
CRYOGI'N .
TRANSIR PROCLEDURE
— _[_,_ L T - "2 hr.
[Dl TECTOR PROCEDURI

e - ——T B STt

GROUND PROCEDURE

T - 40 min,

OUTSIDE COVE R/WATI R ('AVITY‘[

[

START COMPUTER |

e T - 30 min. {But note power shuls

down argund hare)

| T - 20 min,

ANALO(.- TAPE RIC.ON ITC.
lYf'l\ll)l APE RIC.ONFTC,

RLC, ON LETC,
PREAMP/DII F/LOCK-N PAR ON

_Ii — e T - §min,

TAKE-QFI PROCEDURL:

_ T - 1 min.
— e P+ 5 min,
TLELEVISION PROCEDURE |
R ﬂﬁ.ﬁ,-J;h T B - 1]\ 8

DATA ACQUISITION PROCEDURE

A T

25 min.
INFRTIAL POINTING PROC . DURL
z e T+ 30 miER. F A - 10 min,
SET (AND TYPLE):
FILTER NO
DIAPHRA(:M DIAM (AR( MIN).
BEAMTHR ). Secondary

PREAMP C AIN
AMPLILIER GAIN,

LOCK IN GAIN.

X AMPLITUDE (ARCMIN).
Y AMPLITUDI ( )

o _._l___”______ L A - 1inin,

[()HJ[( T Al UUISH]ON I’R()( 1 [)UR[ ]

20~ N L L —
e it e e

—

| OBSERVING IJl()(]Dl RE

. D P —
STOP ADIUST STAR
TRACKING T TLURE: PROCEDURF
[ OBSERVING PROCFBURE ___:"1
i&TEr-'oﬁs‘mV \TION
_END OF FLIGHT PROCEDURE.



Pumpdown Procedures

Situation Preparation Pumping Shutdown
- V1 open «open V3§ Close V5. - close V2
- V2 closed - connect dewar Switch servo on and press - switch pump
¥4 close-vitlve button for off
-V 3 closed -close V1 smull teaks till P1 remains
steady at value 30 torr with - close V3
- Butfer - switch pump on pressure control dial. When
V4 is opened Tully {after ~20 - admit He at
- He filled -openV2 min), slowly open V3. In case inlet
of a sudden rise in P1, close
- V5 open V3, wait 2 min, and try again. -open V5
Close V4. -open V1

Switch servo off,

Start measurements when Pl
< 10 torr.

O Notes:
1. V4 close button makes pressure on Speedivac gauge fall,
2. Set point anti clockwise makes Speedivac gauge fall.

Pump Cutoff Emergency Procedure

I. Close valve V2 (Open V1#},

L2

If V3 open, close V3.

3. Close V4 by pushing close-valve button with finger, Pressure on Speedivac gauge will drop until
wheel stops turning, then turn servo off.

4. Circuit-breaker switch. In middle position when tripped,
¢. Push away to OFF position and

b. After | min pull right roward you.

*Admits air
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Detector Procedure (after pumpdown)
Switch on low noise amplifier {gain 920).
Switceh on PAR (Jith amplilier (gain 10 X: 3-100-Hz input switches to ac),
Switch on PAR lock-in amplifier,
a.  Adjust reference frequency and amplived, (37 Hz and 50 percent on scale, i.e, +1).
b, With strong source, adjust frequency trim and phase,

¢, Select desired sensitivity setting, Noise level of detector should be § percent of scale with
attenuation 20 dB. sensitivity 1 mV and time constant 300 ms.

d. Select desired time constant,

Switch on amplisolators.

Start Computer Procedure
. Power at computer (key) — ON

Load dectapes on units 0, 1, 2, Before setting units as below, {irst put each tapereader on
LOCAL, Push fast wind — for at least 10 turns for each dectape,

UNIT WRITE REMOTE/LOCAL
PROG. 1 0 ENABLE REMOTL
Ist DATA | ENABLE REMOTE
2nd DATA 2 ENABLE REMOTE
4 LOCK OFF

. Tektronix 4010 — Power ON (Up means on)
Wait 10 sec, then press PAGE on keyboard

PDP 11 Press ENABLE-HALT
Turn key on POWER

173100 on switch register
Press LOAD ADDRESS
Lift ENABLE-HALT

177344 on switch register
Press START

Wait lor 30 sec.

For any demounting operation, turn dectape unit to LOCAL. Push fast rewind « .



Ground Procedures

Cantrols

40 to 50-Hz comverter - ON
400 Hz, 115V - ON
28 Ve ON
4 fans, 2 Wavetek, | scope — ON
2 Regulation de Temperature --  ON
A/D Converter - ON
Codeur - ON
Filter unit - ON
Amplisolator units — ON
Decodeur - ON
Interface — ON

Chauffage gyro - switch ON {Down, on command panel, not U,S. Standard)
Chopping secondary and its synchronous detector - ON
Smail TV monitor (ADD AS output) - ON

Telescope Checkout and Cleanup

Pump water in cavity, if any,
Take outside cover off.
Make aircraft tidy, secure tools, parts, etc.

Start Computer Procedure

Analog tape recorder on LOAD TAPE

Identify carefully new tape (time, date)

Analog tape recorder ON (note: time, date)

Video tape recorder ON (note: time, date)

Coftret de voies on RECORD (but not ON yet)

Paper recorder {Allco) ON (check roll of paper)

Write comments

Check speed, pens, sensitivities (need to kncw settings for all controls)
Chart recorder (HF} ON: check roll of paper, and connections

Check helium pressure

Check

Preamp ON

Ditf. amp+ PAR ON

Amplisolator units ON

Get reference for PAR

Check noise level on scope and paper

7 = 300 msec.: PAR output on ¥ 10 V,; Noise level ~ 0.5 V peak to peak

Check
Correct reticle in camera

All reticles available
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Take-olT Procedures

Chauffage gyro OFF on command panel (OFF is UP).
Press asservi cuve.

Check helium pressure.

Keep aircraft tidy.

Check outside cover and for water in cavily again.
Take seat; fasten seatbelt,

Make sure telescope shutter is closed (sun).

Television Procedures

Check sky brightness
Suiveur de spot — ON
Collret de voies -- ON
2 monitors - ON

Adjust high voltage on Nocticon,
Adjust locus only if it is really necessary (on TV camera body).
Adjust reticle illumination and position.

Reticle Subprocedure

Telescopes should be ground boresighted,

Check ilumination of reticle on TV,

Control alignment / X =0, Y = 0; Mark (X) = 8 Mark (Y) = 1.

Camon 0,

Reticle motor on middle M,

Select proper reticle in ring.

Position ring on holder with marked point (with time correction if early).
Remount bulb,

Seleet rotation speed vs heading.

When FOV acquired, rotate reticle manually lor exact coincidence with starfield.
Star( rotation of reticle motor in proper sense vs heading,

Magnifier on position 3 (extreme right),

For reticle offsetting,
1 divisiont = | arc min
1 turn = 5arc min

Push DEPART on suiveur de spot,

Check window on TV monitor.

Adjust window size (Example: 55 x 55).

I mapping, have isolator plug in amplisolator for B.

Data-Acquisition Procedures
i. Start analog tape.
Push ENR and EFF simultaneously,
Write end of tape time near keyboard (+3H) or on “pinger.”
Check levels,
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Start video tape (play and record).
Write end of tape time (+ 2H) or set on “pinger.”

Start paper (Allcograph).
Check sensitivities.
Start HP chart recorder.

Inertial Pointing Procedures

Check light shutter open.

Check altitude ( pointing OK above 30,000 ft}.

Check or push on ASSI.RVI CUVE (command panel).
Control box — switch to asservi cuve,

Detect. Synchrone X ON
Detect, Synchrone Y ON
Asservissement X ON
Asservissement Y ON Within a few seconds

Unlock telescope (command panel)

Detec, Synchrone XG ON

Detec, Synchrone YG ON Qverload light goes on
2 ALIM. MOT. COUPL. Gyros ON Overloads go off

2 ALIM, TOUPIES ON Wait 30 sec

EQ NOTE: In turn-off, do not turn off XG, YG, ALIM. MOT. COUPLS. X, Y till very end.

Object-Acquisition Procedures

Expected star ficld should be on screen.

i.

-

()‘

Press MANUELLE on command panel.

Control box on MANUAL.

Adjust window size if necessary.

Adjust guide star to center of window (use joystick).

Push ACQUISITION on suiveur de spot {Correlation /3 pushed in).
Push SPOT on command panel.

Check reticle speed and position controls,

Adjust guide star to its right position with two potentiometers on suiveur de spot. Turn on
PILOTE to tell pilots that object is acquired (verify they know this).

Be ready for primary, or secondary (or cam) scanning on computer request,

10, Cuve to AUTO, and switch below ta ON.
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EQ NOTE: Make hard copies of maps whenever possible in tlight. Be sure to note time/date on all
tapes, charts, ete. whenever starting them,

s

6.

Tracking . ailure Procedures
Push ASSERVI CUVE.
Grasp telescope if servo is inefficient,
If turbulence is very strong:

Turn ALIM Toupic OFF

Lock telescope

Turn asservi X OFF These three within 10 sec
Tumm Asservi Y OFF

It flight is smooth again:

Turn Asservi X ON
Tum Asservi Y ON Within 10 sec
Unlock telescope

Check elevation for a new object,

Restart inertial pointing procedure (i.e., ALIM Toupie ON again: XG, YG, + 2 ALIM motor
couples stay untouched).

Restart object-acquisition procedure.

Shutdown Procedures
See separate sheet for pump.
Switch off amplisolators,
Switch off PAR lock-in.
Switch off PAR diff. amplif,
Switch off dewar low-noise preamp.
Switch oftf 220-V supply.

Turn down CIBLLE (Nocticon) full anticlockwise,

Recharging Procedure for Battery-Powered Amplifier
Measure voltage of

a.  preamplifier (instruction on amplifier)
b. dill. amplifier.
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Recharging the low-noise amplifier will be performed by connecting it to the 60-V Delta supply,
adjusted to 33 Vand 22 mA, 33 V first, Then connect battery box. Then adjust to A switch and
22 mA,

Recharging the PAR diff, amplifier is performed when switched off but connected to the mains.
The 220-V mains supply has to be ON and connected to mains.
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Reading Dectapes

System 1 (or 2y on Uait 0, Dectape on unit | or 2.
1, Electric powerinto 60 Hz 110 V {15 A) outlet in base,
2. Teletype lead into computer at back.
Teletype
Button on LINE
Start Computer as normal.

173100 LD ADRS.
Lift EN. - HALT

177344 START
Systen writes:

RT-11 vV O1 - 15

To read names of files created (total files (57))

Type: R-PIP (return) - - wait

System gives back *
To read tape which ison = it 1,

Type: DTL:/E (return)
System gives names and unused files, then *
For reading tape on Unit 2

prﬁ DT2:/E {return)

To stop an unwanted listing

Depr CONTROL and type Q

To ask for a new opcration:

Depress CONTROL and type €

Teletype prints
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To clean a tape
Type: R PIP (return)

Teletype gives ™

Type: or i B;‘;’ % :IN:1/Z (return).

Teletype pives
DT2:/Z ARE YOU SURE?
Type: YES (return)
Teletype gives: * (TAPE CLEAN)
To read data
Obtain e (e.g.. v CONTROL and type O
Type: RLECT.ZT3
(Go up to Tektronix)

Type: Name of mission (return)
(as given by teletype)

Tektronix gives general data (make hard copy)

Type: RETURN

Tektronix gives MATRICES and stops on last one (make hard copy).
Type: RETURN

Tektronix gives next file details

ETC. ETC.
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Queen Mury College

Queen Mary Training Plan

The QMC training plan submitted to the Mission Manager (mid-December 1974) was relatively
informal, as shown on the following page. While the content and duration of primary EQ training
wits defined, that for the secondary EOs was fess speceific, with the U.S. operator to be trained only
at Ames, Two levels of training and operator performance were proposed for implementation:
“short training™ of secondary EOs lor nominal operation only, and *long training™ of the primary
EQ for operation, maintenance and preliminary data evaluation, The latter effort was inc cated to
require about 4 weeks in the home laboratory.

Since the training of European EQs was funded by ESA and monitored by their representative
on the mission planning group (MPG), the Mission Manager had only to negotiate schedules for
these EQs to train on their assigned U.S, experiments, and to keep informed of truining pregress at
OMC and in the U.S,

The final result ut QMC was 18 days of training for the primary and 8 days for the se ~ondary
EQ, although not all of tnis time was used as effectively as the EOs would have liked.,

Training Plany

One of the operators (B) spent two and a halt weeks in November 1974 at Q.M.C, 1le studied
the theory of the instrument, important parts of the instrument (detector and beam splitter box).
The physical problem which will be studied, the reasons for some technical and experimental choices,
the expected results and difficulties, have all been the subject of numerous informal talks with
him.

Operator B's training will be completed in March 1975 when, tor a pericd of about 10 days.,
he will be able to operate the complete instrument in the {light configuration.

QOperator A has also visited during November and will be doing so again at the end of January
1975, as observer,

The training of the other operators will be done at Ames during the assembly of the instru-
ment prior to the flights. This training will be short in time, but the experience of the operators is
expected to compensate for this.

We can also say that there are two possible levels of training: one for the running of the experi-
ment (short training) and a second for running the experiment plus keeping the instrument in the
best working condition (long training). We reckon that it should be enough to have on the aircraf't
onte operator who has had the long training,.

Evaluation Criteria

For the (irst level (short training), the evaluation criteria will be the ability to start up the ex-
periment from the assembled but unpowered condition, and then run interferograms to a written
schedule of mirror settings.



For the second level (long training), the evaluadion criteria will be the ability

iy  tostart up the experiment

if)  to replace components with spares

iy to determine if the measured interferograms contain the wanted information (in signal-
to-noise ratio) about some spectral features,

Interferometer Experiment Operating Procedures

Major events in experiment eperation and their timing for each flight are summarized below,

followed by detailed procedures in each category.

EQ-PI Consultation (T - 52 hr)

8.

9,

Detector and Preamplificr

Input Bias

Test Test

Switch Switch Socket Result Name

ON ON Bias test 81V Bias battery check
ON ON Input test <01V Bolometer bias

Note: Preamplifier batteries inside box, check only if amplifier lelt on unintentionally or
trouble suspected. See values on label inside preamp. box.

Cryostat vacuum space pumped down to 100 um Hg
Pump He can; should reach 300 pm; vent (with air)
Note: Do this only when vacuum space is known to be evacuated,

Visual check of blackbody windows for rupture

Chopper reference signal on scope: to lock with main frequency
Chart recorder, check pen con?ition, ink refill

EO reperts to PI on above tests and action decided

Pl reports to EQ on data transforms

Schedule agreed

Preflight Mecting (T - 6% hir)

Priming of Equipment (T - 44 hr)

I,

T-3hr Station 12 power ON. ADC will then be powered.
T-3hr. Precoo] dewar with liquid N,.
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2. T-210hr Transier helinm to dewar,

Generous smear of grease on O-ring and other vacuum connections at neck.

3 T-1.40Mh, Instal]l dewar on interferometar.
Switeh on pump. check punmp lines for leaks.

4. T-1.30hr. Start pumping on dewar, Monitor pressure Irom here on; use valve to keep
pressure on pump side at about 30 torr until dewar pressure starts to register

0N low-pPressure giauge, aen open up,

5, T-LI15hr Start N, purge to interferometer,

6. T-1.058hr Put ice into right-hand blackbody after sy phoning the water out,

7. Switch on mirrow drive; move mirror to marked central maximum position.
8. T-045hr Stow loose itenis,

9. T-0.30hr Log He pressure {expected to be < 10 torr).

Takeolf under Instruction of Mission Manager

1.  Check bolts overail.

12

Turn power OFF (see sequence in appendix).

L7y

When pump power OFF close valve, vent pump. Pressure miy rise several torr,
4. When pump power ON again, close vent, open valve,

Just after Takeolt

1. Switch power ON (see sequence in appendix).

2. Check and log Helium pressure.

3. Detector switches on,

4. Stabilized mirror electronics ON.

End ol Flight

1. Turn electronics OFTF (see sequence in appendix).
2. Tumn preamp and bias of detector QFF (to avoid battery drain).

3 Stow loose items,



Alter Landing
1. Under instruction from mission manager:

a4, Pumpe-power-OFF procedure
b. Followed by pump-power-ON procedure

2. When ready to bring temperature of cryostat up to 4.2K:
a4, Close pump valve
b, Pu: He balloon on sidearm

¢, Vent o dewar

NQOTE: It e is not available when vent procedure becomes necessary at any time,
controlled air vent is acceptable,

3. Strip chart roll and log book to PI,

Switch-on Sequence

1. Station 11 power; unalog-digital connector (ADC) will then come on (switch is inside door but
no need to operate this).

ta

Mirror drive
3. Station 12 power:
1. Right-hand amplifier
b. Right-hand PSD
¢.  Mirror-drive clock
d,  Phase shifter
4, Beam-switch control box
5. Oscilloscope

6. Interferometer power supply

Switch-oft Sequence

Reverse ol above



Detailed Procedures

Between-Flight Check (without ADIDAS)

ADC

ON

Detector Checkottt Procedure

Input Bias

Test Test

Switch  Swiich Socket Result Nunw

OFF OFF Bius test > 88V Bius battery check

ON OFF Input test R~H89.38 Room temp. detector resistance
ON ON Bius test DCV =~ 50 mV Bolometer bias

1. Check preamplifier battery,

0,

Q.

10,

11.

Check cryostat pumped down (pump if necessary to 100 pm Hg).
Check blackbody windows lor rupture,

Check interferometer mirror movements:

A, Speed change

b,  Movement left and right

c.  Sampling pulses by observing DVM triggers

Input mirror checks:

a.  Check angular change (with ofTset on console)

b, INS response should nave been prechecked

¢ Check zer setting if possible

DVM checks:

a.  Check digits with button,
b.  Quick response chieck; use known source voltage (7)

Turn on chopper,

Check reference signal on scope: to lock with mains {requency.
Precool detector cryostat with N, ,

Puss cassette to PIand re-fill recorder with clean cassette.
Service chart recorder,

Check switch positions on panels.



Briefing Provedure

1. EOreports on between-flight checkout tests (above)
2. Pl reports on data transforms
. Schedule agreed

Pre-tukeott Priming of Equipment

1. Transfer helium to dewar
Y Check detector resistance:
a.  Input test switch on
b Bias test switch ofl’
¢.  Input socket (R = 3K (4.2°K): use 200kS2 range)

3. Sturt pump down

4. Check ADC switched on

v

Purge interferometer from N, gas supply (not needed if N, blackbody used)

6.  Cool down the ice blackbody; cool down the LN, blackbody (not always used)
7. Switch window lieater on

8, Switch thermocouple ampliliers on

9.  Check temperature on thermocouples {3 through ADDAS)

a.  Blackbody (ice); output | +2

b. Blackbody (LNy):output | + 3

¢. Inside aircraft window: output 1 + 4
d. Outside aircralt window

10, Check He pressure < 8 torr
11. Check detector resistance (™~ 100 k& at ~8& torr)

12, Check phasing, using LN, blackbody (vs aircraft window); phasing will act as total system
chieck

13.  Switch computer units OFF
14, Switch stabilized mirror electronics QFF

15, Check safety valves on pumping line are open
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Power Switchover Procedures

Before switchover Irom ground power to aircrait power:

a.  Turn power OFF (to everything except pump)
b Mission manager will shut off power to pump

2. LEngage safety clamping where applicable

\ v

Mission manager reactivates pump power
4. Open safety damps when pump on line

Just after Takeolf

1. All power ON when mission manager directs
2. Switch computer ON

3. Check He pressure (< 8 torr)

4. Check detector resistance [~ 100 kS2 ]

5. Check bolometer bias voltage [? ?]

0.  Check system noise level

Preinterferogram Procedures

1. S:abilized mirror on and check its operations
2. Check signal at central max:

a, Sky-ICE
b.  Sky-LN,

3. Check "“Line Rejection™ on amplifier is OUT, and “Fast Filter” on P.S.D. is IN
4. Adjust amplifier to span DVM (+ ve and — ve)

5. Check noise in “wings™ on chart

6. Set variables for st scan

Independent

Optical filter in lightp:pe - Sampling interval — Integration Time Constant

Max. path difference = Speed of scan

Duration of total run



Stabilized mitror elevation
Blackbody | or 2
Gain (re-check)

[nitiation and Labeling of Interferogram

1. Check detector pressure

2. Check stabilized mirror is on

3,  Check and refill black bodies

4, Log parameters, noting the TV reference number

5.  Read and record voltage bias and input test “witch off Keithley afterwards.)

6. Check:
4.  Switch in EXTERNAL position on ADC
b. Cassette capacity
c. The scanning mirror is at the end of its movement
d. Tapeslabeled
e. Switch ON for ADCAS

7. Set timer and initiate scan and start minicomputer

Termination of Scan

1. Moving mirror -- STOP

b

Minicompiier — OFF
3. Switch for ADDAS - OFF
4.  S+abilized mirror electronics — OFF (if approaching turn)

Landing Procedures

1. Stabilized mirror — OFF

2. Computer — OFF

3. Check detector valves are OPEN
Switch Off

1. Remaining electronics — OFF

2. Preamp and bias of detector - OFF
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O,

Close pumping ling
Vent dewar
Thermocouple amplifier - - OFF

Empty ice blackbody of water

L2

Loy



DATE
Mid September
until 10th Oct-
ober 1974

Friday, 1 lth
October

Monday, 14th
October

Tuesday, 15th

Wednesday, 16th

Thuarsday, 17th

Friday. 1&th

Monday, 21st

Tuesday, 22nd

Wednesday, 23rd

Thursday, 24th

Friday, 25th

Monday, 28th
Tuesday, 29th
through

November 6th

Thursday,
November 7th

Friday, 8th

Monday, [1th

Tuesday, 12th

Appendix A-3
LOCATION

Southampton
University
Southampton

Southampton

Southampton

Southampton

Southampton

Suuthampton

Southampton

London, Queen
Mary College

Southampton

Southampton
Southampton
Southampton
Londoen, Queen
Mary College

Queen Mary College
Queen Mary College

Queen Mary College

Queen Mary College

Training Chronology: Operator B

ACTIVITY
Study of theory behind airglow experiment.
Study of television camera and associated
clectronics,

Meeting with ESA manager (concerning exper-
imental training and operational procedures).

Experimental Training.

Experimental Training.

Preparation of preliminary check of cquipment
after shipment,

" ™" "

Preparation of an alignment procedure for the
TV camera.

Preparation of flight experimental procedure.

Visit to PI at QMC to discuss operator training
progran.

Background study for QMC experiment,

Final compilat: n and check out of Southamp-
ton’s experimental procedures,

Meeting with Southampton experimenters and
ESA manager.

Experimental training.

Study of QMC experiment.

Unpacking and assembly of the interferometer,

Assembly of the interferometer,

Meeting of QMC experimenters and European
Operators with scientist from N.P.L, Familiari-
zation with equipment.

Study of experimental techniques.
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DATE

Wednesday, 13th

Thursday, 14th

Friday, 15th

Monday, 18th
Tuesday, 19th
Wednesday, 20th
Thursday, 21st

Friday, 22nd

Saturday, 23rd

Monday, 25th

Tuesday, 26th

Wednesday, 27th

Thursday, 28th

Friday, 29th

Monday,
December 2nd

Tuesday,
December 3rd
until Monday,
January 20th

January I1st
through
February Ist

tebruary 2nd

LOCATION
Queen Mary College

Queen Mary College

Groningen

Southampton
Paris (ESA)
Paris

Paris

Meudon

Meudon

Meudon

Bretigny

Bretigny

Bretigny

Bretigny

Paris

Southampton

Southampton

Southampton/USA

ACTIVITY
Study of interlerograms and spectra,

Meeting of QMC team with ESA manager. Travel
to Graningen.

Introduction to Groningen detector system.
Returned to England.

Travel to Paris.

Mission Planning Group Meeting.

Second Experimenter Group Meeting.

Second Experimenter Group Meeting continued

Familiarization with telescope and supporting
electronics.

Familiarization with tclescope and supporting
electronics.,

Packing of equipment and travel to Bretigny
Airport.

Installation of equipment into Caravelle,

Equipm .ot check, Discussion over experimentat
procedures.

Study of equipment.

Preparation Tor Caravelle flight, Observation
during Caravelle flight.

Visit to ESA Headquarters, Travel to South-
ampton

Scientific training,

Preparation of observational report on South-
ampion experiment,

20 hour journey to Fairbanks. Alaska.



DATE

February 3rd

February 4th
0930- 1500

1700 - 1900
2030-0030

February Sth
0900 - 1200

1230- 1500

1500 - 1600
1600 - 1800
1900 - 2200

February 6th
0800 -1130
1130- 1330

1400 - 1700
1700- 1730
2000-0030

February 7th
0830-1230
1400 - 1800

February 10th
1000 - 1300
1400 - 1545

1600- 1730
1900 - 2100

February 1ith
0930-1230
1330-1730
1920-0530

LOCATION

University of Alaska

Alaska

Alaska

Alaska

Alaska

Alaska

Alaska

ACTIVITY

Introduction to the experiment and the Insti-
fute.

Study of the optics of the 1m Ebert spectro-
meter.

Familiarization with ! m Ebert Analog Data

System.

Operation of I m spectrometer to obtain OH
rotational temperature measurement.

Review of previous nights data, and theory of
analysis,

Study of Airglow Spectrum 3100 A - 10,000 A
(J.A.R. Jan, "68}.

Interview of team for local newspaper,
Preparation for that night’s experimentation.
Study of PP’s thesis on experiment,

Review of previous spectra measurements.
Review of training program and description of
experiment objectives and conliguration for
flight,

Calibration of spectrometer cams.

Set up spectrometer for night time experiment,
Observation of OH data until excessive aurora
obscured measurements,

Analysis of resohition of Im Ebert.
Re-alignment of . m Ebert by adjustment of
main mirror only,

Start assembly and alignment of 1/2m Ebext,
Lecture on the control electronics for the Im
Ebert,

Continuation of assembly of 1/2m Ebert,
Study of theoretical background,

Continuing instruction of 1/2m Ebert,

Final alignment of 1/2m Ebert,

Night run ot |m Ebert and preliminary connec-
tions made with the new computer system.
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DATE

February 12th
1430 - 1700
1930-0200

February 13th

1100 - 1200
1330 - 1545
1545 - 1700

2000 - 2300

February 16th
1000 - 1300
1400 - 1600
1600 - 1700

February 17th
0900 - 1200

1200 - 1600

1600 - 1700

2300 - 0300
February 18th

1300 - 1600

February 19th
2030 - 0900
1000 - 1200

1400 - 1600
February 20th
0930-1100
1130 - 1415
1325 - 1600
February 21st

Morning
1400 - 1700

LOCATION

Alaska

Alaska

Alaska

Alaska

Alaska

Ames

Ames

JPL

ACTIVITY

Study papers on planetary spectra.
Waiting to see il computer-system debugging
successiul,

Discussion of training plan for the next few
duys.

Background study ol spectroscopy.

Seminars on Space Shuttle payloads.

Visit to Ester Dome Observatory to inspect the
auroral television system there,

Background study of spectroscopy.

Lecture on comptter system used with the 1 n
Ebert,

Seminar on auroral-particles,

Discussion on further moditications for 1m
system.

Tuition on L.P.S. v*ar tracking system that will
be used on the plane,

Revision of [,P.S. tracking systent and sche-
matics,

Waiting to see if computer-system debugged.

Final discussion ol the light system and expnr
iment objectives.

Travel to San Francisco and' Ames,
Introduction to Ames and discussion of Alaska
experiment spectrometer mounting require-
ments.

Study of heliostat and ADDAS,

Demonstration of heliostat,

Discussion ot Alaska experiment with NASA
observing team,

Demonstration ol and introduction to the
ADDAS system.

Travel to Los angeles.
Meeting of research group with PI to ascertan
[uiure program,
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DATE
February 24th
0830- 1000
1000 - 1245

1330-1720

February 25th
0815-1300
1430-1700

February 26th
0830-1230
1400 - 1700

February 27th
0900 - 1230

1330- 1700
1900 -2330

February 28th
0900 - 1300
1400 - 1800

March 2nd
1400 - 1900

March 3rd
0800-1030
1030 - 1700

1900 - 2300

March 4th
1000 - 1200

1300 - 1430
1900 - 2300

March Sth
AM
1200

March 1ith
1730-2230

LOCATION
JPL

JPL

JPL

JPL

JPL

JPL

IPL

Table Mountain

Table Mountain

Table Mountain

New Mexico

ACTIVITY

Introduction to experiment from PI,
Interconnection of equipment components and
a trial run.

Spectra taken of sunlight - troubleshooting for
source of excessive noise.

Noise troubleshooting in the detector circuits.
Further discussion and runs on analog system.

Study of equipment manuals.
Discussion of flight system and procedures.

Inspection and study of 8 inch cassegrain tele-
scope,

Calibration of photomultiplier tubes, and hands-
on experience,

Study of technical information.
Desigh and rewiring of a PMT voltage supply,

Study of PMT design. Time line arrangement for
OMC and Scuthampton experiment.

Packing equipment for trip to Table Mountain,
Travel to Table Mountain and installation of
equipment,

Observation of spectra of Sirius and Saturn,

Experimentation to deline polarization axis of
the tunable optical filter.

Discussion on the proposed ADDAS interfaces,
Background astronomy study.

Background astronomy study.
Driven off mountain by blizzard.

General discussion of experiment with Pls.
Operator C present all week also.

. PRODUCIBILITY OF TH
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DAT

et

3]

March {2th
0900- 1200

1330-1730

1730- 2230

March 13th

09€0 - 1200

1330 - 1500

1500- 1730

1730 -2130

March 14th
1000-1100
1100-1200

1330-1730

LOCATION

New Mexico

New Mexico

New Mexico

ACTIVITY

General explanation ol experiitent by PLand
showing of movies of past data.

Explanation and examination of various com-
ponents of experiment - especially cameris,
35-mm, 16-mm, and photomultiplier tubes,
General discussion of mission with ESA manager
who also observed training inere,

Reading instruction manuals and examining
equipment.

Working on strip chart recorder and how to
troubleshoot it,

Working with 35-num camera motor drive and in-
struction on Joading both 35- and e-mm
cameras.

Discussion of aircralt probiems and « xperimen-
tation between EQs and Pls.

Operator C discusses OI1 radical theory,

Run through of startup and operational proce-
dures,

EOs practice total operation of equipment {rom
startup to completio



